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DECADE SUPER SCALER 
MODEL N-210 


* Response—! psec 

* Capacity—10" 

* Glow Tube Readout 

* Input Sensitivity—Adijustable 


* Minimum Pulse Width—0.1 usec. 


* High Input Impedance 

* Preset Count—-1000 to 9.9999 
< 10’ Continuous 

* At Customer's Option 
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PHOTOMULTIPLIER 
PREAMPLIFIER 
MODEL N-355 


* For 6810 Phototube 
* 202 Output Impedance 


*Special Heat Sump Prevents 
Temperature Distortion of Photo- 
multiplier Tube Operation 


* 5 ma. Bleeder 


HIGH VOLTAGE 
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MODEL N-413 


* 200-5000 VDC Continuous 

* 10 Milliamperes 

* 0.005% Stability 

*0.001% Ripple at Full Voitage 
* Standard Cell Calibration 

* Positive or Negative Polarity 


* Chopper and Voltage Amplifier 
Operated at Ground Potential 
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you can cel ~ ' 2 : 
the difference in the 4s. & 
CRL system 











The “sense of feel’, the versatility, the uncompromising 


workmanship . 


.. all are found in every CRL Manipulator. 


Research and production organizations all over the world 
are using these units for handling radioactive materials, ex- 
plosives, and hazardous chemical and biological materials. 
Natural motions of the operator’s hands are copied exactly 
at the slave end. The “sense of feel’’ helps the new operator 
to become perfectly competent with practically no train- 
ing period. Handles are adjustable to comfortably fit a wide 
range of hand sizes. 


CRL Model 8 


for thru-wall installation 


A general purpose manipulator for 
installations requiring intermed 
iate to high level shielding, the 
Model 8 features 


trate “‘sense of touch’’ Low 
ion forces low back- 


. low inertia 
iter versatility A variety of 
tongs and locking motions 
i ible 
@ Easier sight control Operator 
need not step back to bring 
materials to barrier window 


@ Ease of relocation Can be with- 
drawn and moved by one man 
in five minutes with a light crane 
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CRL 
Mode! 4 i ® 
for over-wall fil 


installation 


A general purpos ' 
manipulator for 
installation over a 
barrier wall or through 
a ceiling opening of 
a protective 

enclosure 





CRL 
Model 7 


for restricted space 
installation 


A space conserving, 
light weight 
manipulator for use in 
hoods or over thin 
walls where minimum 
clearances and easy 
portability are 
important factors 


central research manipulators 
from basic Argonne National Laboratory design 


write today for complete information to: 


Conti Kescauch 


laboratories, inc. 
Red W ing 


Dept. 102 


Minnesota 











1. Cranes and hoists For moving 
heavy loads in hot cell areas 
by remote control. They are 
specially designed by CRL for 
use with CKL manipulators, 


Flexible booting Protects slave 
end from dust and contamina 
tion. Restricted gas-flow seal 
possible. Won't interfere with 
manipulator’s natural move- 
ments, 


Special-purpose tongs For repe- 
titive or highly spec ialized 
operations Wide me i” tion of 
types to meet all requirements, 


accessories 


for master-slave 
manipulators 


Load hook Availabl for CRL 
Model 8; may be remotely at 
tached or removed. Permits a 
vertical lift of 60 lbs, 


Motion locks Permit obj cla to 
be rigidly positioned in space 
Locking grip standard on all 
models, Locks for all other mo 
tions available as accessories 
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It Took a Bold 





New Design Concept 


to House 


AMERICA’S FIRST 


ATOMIC ELECTRIC 


POWER PLANT 


How do you house an atomic elec- 
tric power plant? Dig a hole five 
stories down. Erect a giant ten- 
story welded steel ‘‘containment 
vessel.”’ Seal it off air-tight, and 
you have one of the largest pres 
sure been 
called on to build 

That’s the story, over 
fied, of the 
quired for America’s first nuclear- 
powered electric plant, the 
Experimental Boiling Water 
Reactor, at National 
Laboratory, Lemont, Illinois 

In our practical, efficient world 
of engineering, there is a sound 
structural reason for the unusual 
dome-shaped building, now rec- 
ognized by everyone as the sym- 
bol of atomic-power-for peace, 


vessels man has ever 
simpli- 


unique housing re- 


Argonne 


Radioactive steam and gases 
must be contained within the sys- 
tem. The precautions necessary 
demanded an air-tight building, 
80 feet in diameter by 119 feet 
high. 

This giant welded steel struc 
ture, designed to withstand a pres 
sure of 15 pounds per square inch 
above gage pressure, was made 
concave throughout, with a semi- 
ellipsoid bottom and a 
spheric top. 

Upon completion, the half-mil- 
lion cubic foot shell was tested for 
air-tightness. Never before had so 
large a welded structure required 
such thorough testing against air 


hemi 


loss. 
Graver’s skills, backed by a cen- 
tury of experience, were called 


upon to fabricate, erect and test 
this unique steel structure. 

Graver’s research department 
devised the special air-tightness 
testing procedures. Graver fabri- 
cated ail sealing devices—the ac- 
cess air-locks, bulkheads and 
doors, and the two water-demin- 
eralizing systems. It also furnished 
the saucer-shaped 15,000 gallon 
water tank suspended under the 
dome. 

This application of Graver’s 
skills in the fabrication and erec- 
tion of America’s first atomic 
power plant is indicative of 
Graver’s readiness to help you 
fulfill your plans for the future, 
no matter how unusual or exact- 
ing the requirements. 


Building for the Future on 100 Years of Craftsmanship in Steels and Alloys 
GRAVER TANK & MFG.CO..[NC. 


EAST CHICAGO, INDIANA @ NEW YORK e¢ 
PITTSBURGH e@ DETROIT @# CHICAGO e 
HOUSTON . LOS ANGELES 
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miniaturization 
with reliability 
for 

UNIVERSAL ATOMICS 








Hehiwed, by 


GENERAL TFRANSIS 








VERSATILE. TRANSISTORIZED UNIT ENABLES 
FASTER. MORE RELIABLE MEDICAL ANALYSIS 


The design problem confronting Universal Atomics, for the 
UAC 522 Ratemeter, was to produce a completely miniatur- 
ized, compact portable unit using low-power consumption 
at a realistic price. The unit is intended for use in both 
clinical and medical radioisotope research and diagnosis. 
A reliable miniaturized circuit was essential 

GT was called in. 

General Transistor’s engineering department 
recommended the GT-20 P-N-P type. This reliable 

audio transistor offered a current gain range of 

35-50, maximum noise figure of 16 db., and a 
collector-base voltage of 25 volts. The equipment 

using these transistors continued to perform with 

extreme accuracy, even when exposed to severe 
environmental conditions. 

All GT transistors must pass strict quality controls, 
production line testing plus a 100% final inspec 

tion .. . your assurance of a completely reliable 

product. 

This is just one more example why General Transistor is 


the fastest growing name in transistors. Send today for 
Bulletin G -110. 


GENERAL TRANSISTOR 
Cc Oo R P Oo R A v | °o N 


91-27 136TH PLACE JAMAICA 35, NEW YORK 
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To engineers whose 
present jobs seem to end 


where they begin... 


AT DOUGLAS, YOUR 
ASSIGNMENTS HAVE 
THE SCOPE THAT LETS 
YOU PROGRESS AT 


YOUR OWN PACE! 





Going around in circles? Chances are your 
present job has become too routine. At Douglas, long- 
range projects of tremendous scope assure 
a constant variety of assignments... and the opportunity 
4 to expand your responsibilities. Douglas is headed by 
¥ engineers who believe that promotion must come from 
7 within. They'll stimulate you to build a rewarding future 
in your field. For example, here are... 


/ 


; CAREER OPPORTUNITIES FOR STATIC AND 
DYNAMIC TEST EnGineEeRS: Acronautical and Mechanical 


Engineers conduct ground, wind tunnel and flight tests 
to insure the design integrity f 
of the aircraft. 


:' - er wj Sy / 
For important career opportunities in ot Wit, / ER ( 
your field, write: ron QIOUGLAS a ‘\ 

j a g . 


c.C., LaVENE 


DOUGLAS AIRCRAFT COMPANY, BOXL -620 ; f > 


SANTA MONICA, CALIFORNIA 





FIRST i AVIATION 
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“Today marks an event of historic significance 
in man’s development of the atom for 
peaceful purposes. The reactor we are placing 
in operation today is the first of a 


generation of such reactors designed to provide EXPERIMENTAL BOILING 
WATER REACTOR PLANT 


Argonne National Laboratory 
Lemont, Illinois 


electric power for our factories and 


our homes, power upon which the strength 
: 7 TURBINE RATING 
and future well being of this country 5000 kw — 600 psig — 488° F 


vitally depends.” ENGINEERING AUTHORIZED 
August 25, 1954 
FULL POWER GENERATION 
December 29, 1956 
from Dedication address, Feb. 9, 1957, by FORMAL DEDICATION 


Rep. Carl T. Durham, Chairman, Joint Congressional February 9, 1957 


Committee on Atomic Energy. 


SARGENT & LUNDY 


140 SOUTH DEARBORN STREET, 





* Lift capacity of 750 pounds * Fine control for precise manipulations 


* Visual-audio signals to indicate grip force * Continuous, right or left, wrist rotation. 


THE GENERAL MILLS MECHANICAL ARM IS THE ONLY 
REMOTE-CONTROL MANIPULATOR 
TO GIVE YOU ALL THESE FEATURES* 


* Continuous rotation of entire arm. Forearm bends 220 degrees * Swings through 180 degree arc 


* Holds position with hands * Simple electrical linkage permits mounting * Adaptable to telescopic and television view * Complete line of tools, remotely 
off controls on crane or vehicle for complete mobility ing for “‘limitiess” reach interchangeable 


About to buy your first remote-control tions without modification or adjustment 
manipulator? Thinking of installing an _ between operations. Its unusual mobility 
additional one? In either event, get the and ease of control make it even more 
facts about the General Mills Mechanical desirable for “hot lab” installations. 
Arm first. Here’s a manipulator that can Other exclusive features merit your in- 
handle heavy-duty or precise manipula- vestigation as well. 


For new bulletin, write Department N7, Mechanical Division of General Mills, 
1620 Central Avenue, Minneapolis 13, Minnesota 


MECHANICAL DIVISION 


Creative Research and Development 


Precision Engineering and Production 





Seamless stainless clad 
carbon steel 52° elbow for 
presiun ed water reactor 


SEAMLESS stainiess-clad carbon steel 


...another Tube Turns’ first in nuclear reactor fittings 


These heavy-wall stainless-clad carbon steel elbows are typical 
of a line of seamless welding fittings pioneered by Tube Turns 
for nuclear reactors. Provides the corrosion resisting properties 
of stainless steel at lower cost than solid stainless steel 

Tube Turns is also producing seamless, forged fittings in 
stainless steels, chrome-moly steels, aluminum and titanium 


for reactor piping. For consultation On = Typge-TuRN® stain- 

, le teel welding tees 

nuclear power piping problems, call the Pager tongs. 
4 ad ‘uo cut 


nearest Tube Turns’ office. submarine 


Leading Manufacturer of Welding Fittings and Flanges 


KENTUCKY a 


Reg US 


A Division of National Cylinder Gas Company 
Par OF 


DISTRICT OFFICES: New York « Philedeighia « Pittsburgh « Chicege « Detroit « Atlente + New Orieens « Houston + Midlend 
Delles « Tulse + Kenses City + Denver + Los Angeles + Sen Frencisce + Seattle 


in Canede: Tube Turns of Conede, Ltd, Ridgetown, Ontario + Terents, Onterie + Edmonton, Alberta 
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AN EFFECTIVE WAY TO DEVELOP 
VALUABLE GOOD WILL FOR YOUR COMPANY 


...and help to do a life-saving job at the same time 


You can achieve lasting good will for your 
company —the kind of good will that results 
in friendly relations with every group in 
your community. And you can help to save 
precious lives at the same time, by putting 
your company’s efforts behind the nation- 


wide campaign against traflic deaths. 


During 1956, the national total ofhighway 
deaths was over 40,000—the highest figure 
in our history. ‘The cost to the country of 


these wasted lives is incalculable. 


But the picture wasn’t entirely black. In 
many areas—in small towns and big cities— 


the terrible upward trend was reversed. 


This was accomplished by community 


action—by business leaders, civic organiza- 
tions, church, fraternal and PTA groups 
joining together with law enforcement agen- 
cies in an all-out attack on traffic deaths. 
The figures prove it. Wherever people get 
together to do something about traffic safety, 


deaths go down. 
BACK THE ATTACK ON TRAFFIC ACCIDENTS! 


Your company can perform an inwaluable 
service for your community, and for the coun- 
try as a whole, by pitching in and helping in 
this life-saving crusade, For full information 
on what you can do—and how you can 
do it—write The National Safety Council, 
Chicago 11, Illinois. 


Published in cooperation with 
The National Safety Council 


The Advertising Council 
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REACTOR CENTRUM NEDERLAN 


act supplies 20,000 kw eeeweeeeee 


light water reactor aCf REACTORS 


currently under design and 


Now being designed and fabricated by QC f Industries, construction 


Incorporated, the 20,000 kw light water reactor facility for 
the Reactor Centrum Nederland will be used for a broad 1,000-5,000 kw heavy water research reactor for 
range of research and development programs in nuclear the Massachusetts Institute of Technology 


science and technology. 5,000 kw heavy water research reactor for the 


Experimental facilities include 12 ports, four rabbits and Italian National Committee on Nuclear Research 


one irradiation facility adjacent to the core region. Average 20,000 kw light water materials testing and re- 
thermal flux in the core will be 1.38 x 10'4 n/cm*/second search reactor for Reactor Centrum Nederland 
Reflector elements are beryllium, designed to be interchange- 30,000 kw light water materials testing and re- 
search reactor for Aktiebolaget Atomenergi of 
Sweden. 

10,000 kw light water materials testing reactor 
for the Nuclear Engineering Test Facility, Wright- 
Patterson Air Force Base, Ohio. 


able with fuel elements. 

Nuclear Products-Erco Division is staffed and equipped 
to design and build complete reactor facilities for power, 
research, materials testing, and other purposes. We cordially 


invite inquiries relating to design and manufacture of reac- ; call 
: : Z -20,( / 
tors, components, and associated equipment. A preliminary design of a 10,000-20,000 kw light 
* antestinns d in joini hi ll water materials testing reactor for the Case Insti- 
Engineers and scientists ont mn JOCRENG nis well- tute of Technology. 
staffed and well-supported group are invited to inquire about 


the many available opportunities. AAC 








nuclear products-erco 


Division of GCF Industries Incorporated, 508 Kennedy Street, N.W., Washington, D.C. 
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Not alike at alll 


Eventually, two peas in a pod may not be alike at all! 

By the time they reach tomorrow’s dinner tables, one may be 
irradiated, the other may not. 

We at Nuclear Systems are vitally interested in food irradia- 
tion. Fact is, we’re vitally interested in radiation applications as 
diverse as the synthesis of chemicals, the polymerization of syn- 
thetic resins and the vulcanization of rubber. 

Nuclear Systems can provide a complete radiation package— 
equipment, instrumentation, training, facility design and sources 


of cobalt 60 up to 50,000 curies. 
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...1N production now! 


High-Purity Sponge Availabie tor Prompt Delivery 


Tome. 7 lohieimmeeiam.. 2) 7 iget sme @ itr talilil 2 | 


ZIRCONIUM is n nger a meta morrow Wah Ct 
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BRINGING TOMORROW CLOSE 
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Robert Rossier, FICo engineer, holding plug-in analog modules —a 
transistorized amplifier unit and an electro-mechanical unit. Electronic 


ponel of analog computer is in background 





1 


FICo digital engineer Peter Carbone holding digital module, comprised 


of easily removable transistorized printed circuits. Rack-type digital 
computer is in background. 


ANALOG or DIGITAL: 
WHICH TYPE OF SPECIAL-PURPOSE COMPUTER IS BETTER? 


THE ANSWER: It depends on the application. 

Ford Instrument develops and produces both types 
of computers — analog and digital — for an unlimited 
range of systems applications. FICo analyzes the prob- 
lem and designs the computer best suited to the needs 
of the application, in terms of reliability, flexibility, 


economy, and size. For both types of special-purpose 
computers FICo employs modular techniques, simpli- 
fying the problems of design and manufacturing .. . 
and making servicing fast, simple, and economical. 
FICo has developed and produced special-purpose 
computers to handle an extreme variety of problems — 


including missile and rocket launching, missile guid 
ance, airborne and tank navigation, test and other data 
processing, degaussing torpedo launching, gunfire 
control, and many others. This technology is now being 


applied by FICo to reactor control. 


FiCo modular techniques 
as applied to an amplifier 
for an airborne naviga 
tional system. Arrows point 
to printed circuit ampli 
fiers. Two typical cards are 
shown at right 


= FORD INSTRUMENT CO. 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenye, Long Island City 1, New York 


Beverly Hills, Calif. 


Dayton, Ohio 


SNGINSERS of unusual abilities can find a future at FORD INSTRUMENT CO. Write for information. 


14 


July, 1957 - NUCLEONICS 





jes 


\) KE for plant expan 
ca 


ey Meu JO UOISUBCKS JURIDG 4Oy Qy eS 


> 


$3i} 


” 
~ 
O 
c 
os 
.@) 
c 
@) 
" 
Qa. 
x 
® 
~ 
- 
is) 
Qo 
0 
ve 
Ww 
x 
is) 
.o) 


INGENUITY 


has made KE the experienced 
leader in nuclear projects 


The Engineering Test Reactor, Food Irradiation Reactor 
Hanford Production Reactors, Aircraft Nuclear Propulsion 
Testing Facilities these represent some of the nuclear 
energy projects performed by Kaiser Engineers. in each 


case, KE ingenuity produced efficient, lower cost facilities 


KE's Nuclear Engineering Division has the highly 


specialized skills and experience required to undertake 

Test Reactor. National Reac 
signed and bu complete design and construction of nuclear research, 
production or power generating facilities. Calli KE for 


planning or building your nuclear project 


KAISER ENG IN EERS engineers—contractors 
Cc 


,ontractir g since 1914 


Kaiser Engineers Division of Henry J. Kaiser Company « Oakland 12, Californias New York, Pittsburgh 
y ] 
Washington, 0.C., Buenos Aires, Caicutta, Dusseidorf, Montrea bydney, Tokyo 
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METR I 


A NEW MATERIALS and 
ENGINEERING TEST 
REACTOR by NDA 


NDA has now completed preliminary design of Materials Engineering Test 
Reactor | for construction at Mol as Belgian Reactor ||. Joined by senior 
personnel from CEAN, NDA is now carrying out detailed design. 
NDA believes METR | will be of interest to nuclear engineers and scientists 
throughout the world. Consider these characteristics: 


e Thermal power level: SO MW ¢ Six 1” rabbit tubes 
¢ Available core neutron flux during ex * Seven radial beam holes up to 12” in 
periments diameter 


x a6 2 
ede te ames : al — * Four tangential beam holes up to 12” 
‘eae in diameter 
© Single fluid—light water cooling 
* Reactor pool space for irradiation of 
Consider also the flexibility of METR | large equipment 
© Five 8%” through holes in core section © Core mock-up facility 
¢ Central irradiation tubes in each fuel 
element 
@ Forty 32” holes in core matrix ¢ Individual access to each fuel element 
(including 10 through holes) and beam hole 


© Gamma irradiation facility 


With its high available neutron flux, flexibility and ease of access, 
METR | is unsurpassed as a test reactor. 
Opportunities exist at NDA for qualified scientists and engineers 
interested in reactors of advanced design for research, power and propulsion. 
For information write or call 


| 'D) A NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 
5 NEW STREET, WHITE PLAINS, N. Y. + TEL. WH 8-5800 
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R O U N D U P of Key Developments in Atomic Energy 


Murray Named Consultant 
To Congress’ Committee 


Effective July 1, the day after his 
term as an AEC member expired, 
Thomas E. Murray became a con- 
sultant to the Joint Committee on 
Atomic Energy. 

JCAE Chairman Durham said 
Murray's appointment “will ensure 
that his eminent qualifications will 
be available to this nation.” Cer- 
tain it is that Murray with his in- 
side knowledge of the Commission 
will be an invaluable asset to JCAE 
on those occasions when it is at 
odds with AEC, prodding for more 
reactor building or for fuller in- 
formation. Some Democrats com- 
mented privately that, with the 
weight of Congress behind him, 
Murray may actually be more suc- 
cessful in getting information than 
he had been as an AEC member 






Floberg and Graham, Truman Aides, Named to AEC; 
Murray Out, Fires Parting Blast at Present Policy 


In a bold unexpected move, the Administration met the gathering 
crisis over the Murray reappointment head-on by naming two Truman 


sub-Cabinet officials to the AEC. 
@To succeed Thomas E. Murray, 
whose term expired June 30, the 
President named to a full five 
year AEC term John F. Floberg, 
41, Washington lawyer formerly 
from Chicago, graduate of Loyola 
Univ. and law review editor at 
Harvard Law School, Navy combat 
officer during World War If at 
Sicily, Salerno, Philippines, Iwo 
Jima, Okinawa; Assistant Secretary 
of the Navy for Air from 1949 to 
1953. In the latter position he was 
in charge of Navy research and 
development and was involved in 


House passes Federal indemnity bill 
On July 1 the House passed by divided voice vote and sent to 
the Senate a bill for Federal indemnity insurance up to $500- 
million on each reactor project licensed by AEC. The bill differs 
from the one that failed of passage last year (NU, June ‘56, 20B 
Aug., Rl) in two significant ways: First, coverage is charged for in 
the case of Section 103 (proven commercial value) reactors, at 


$30/yr/Mw of thermal energy capacity. 


AEC may set lower rates 


for Section 104 (developmental ) reactors. A minimum fee of 


$100/yr is set. 


Second, the Advisory Committee on Reactor Safe 


guards is made a statutory committee and its reports are required 


to be made public. Rep. Chet Holifield (Dem., Calif 


who led 


limited opposition to the bill, lost in a move to make safeguards 


committee approval a prerequisite for nuclear powe! plant con 


struction 


Holifield fought the bill on the ground it would “provide 


nother government subsidy” without commensurate benefits to 
taxpayers, and would saddle “an enormous potential liability” on 
the government without knowledge of how safe reactors are. 


First plutonium core use stymied by EBR-1 meltdown 


A reactor core of plutonium fuel elements 


world’s first-—was 


fabricated for use in EBR-] and was to have gone into the ex- 
perimental breeder when the latter's second uranium core melted 


down (NU, May ‘56, 17; Jan. 


‘57, 84). 


Built for AEC by Dow 


Chemical Co. at its Rocky Flats, Colo., remote-handling facility, 
the Pu core has been mostly in storage; a part was used briefly in 


ZPR-3 for Doppler measurements. 
for use as a complete ZPR-3 core. 


It is now being refabricated 


AEC still intends eventually 


to put a plutonium core in EBR-1, after completion of the pres- 
ently-scheduled EBR-1 tests with rigid and non-rigid fuel pins to 
determine the role of pin bowing in causing the meltdown. But 
for now, Argonne Laboratory has its hands full with those tests. 


Vol. 15, No. 7 - July, 1957 


construction of Nautilus. He calls 
himself a political independent 
© To fill the unexpired term of the 
late John von Neumann, which runs 
until June 30, 1959, the Chief Exec 
utive selected John 8. Graham, 51 
Washington financial and business 
consultant, graduate of North Car 
olina Univ. and the Univ. of Virginia 
Law School, pre-war Winston-Salem 
lawyer, Navy officer in the war serv 
ing in the office of the Deputy Chief 
of Naval Operations for Air, Assist 
ant Secretary of the Treasury from 
1948 to 1953. He is a Democrat 
who was national treasurer of Vol 
unteers for Stevenson in 1956 
Hearings in the Senate on their 
confirmation are not expected to be 
scheduled until late this session 
Chairman Carl T. Durham (Dem 
N. C.) of the Joint Committee on 
Atomic Energy described both ap 
wintments as “very good,” but said 
7” was “disappointed” that Murray 
had not been renamed—a reaction 
CAE 
Democrats such as Clinton P. Andes 
son and Albert Gore 


promptly echoed by other 


Politics at Play 

Even though both men served in 
the last Democratic administration 
many observers foresaw trouble on 
confirmation in the Senate— so strong 
has been the sentiment for reap 
pointment of Murray The latter's 
clashes with AEC chairman Lewis 
L. Strauss over Commission policies 
however, have been heated and fre 
quent, and Strauss—-who is also the 
President's atomic 
and who undoubtedly played a key 
role in the selection of the candi 
dates—was not expected to acqui 
esce in Murray's retention. Demo 
crats and some Republicans never 
theless urged it, regarding the need 
for an independent voice on the 
Commission of top importance 

Many had thought that under the 
circumstances, the Administration 
would choose to play an end run 
wait for Congress to adjourn, make 


energy adviser 


recess appointments and confront 
the second session of Congress nm 
January with the fait accompli of 
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The Atomic Energy Commission Year by Year* 


et 
Lilienthal (Chmn) Strauss 








Glennan 
Oct. 2, 50 








Zuckert 
Feb. 25, '52 


Campbell 
July 27, "53 











Von Neumann 
March 15, "55 


A @h 


Floberg Graham Vance 








Dean (Chmn) 
july 11, "50 





a 
Strauss (Chmn) 
july 2, "53 





_—s 
Strauss 


* The five members of the original Commission were named in recess appointments by President 
Truman on Oct, 28, 1946, and took office within the week. The date given for subsequent ap- 
nointees is the date of rearing in, following Senate confirmation. Allen Whitfield was named in 

] 


955 to succeed Joseph Campbell, 
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but withdrew before confirmation hearings had been set 





new Commissioners in office for 5-6 
months. That instead the Admin- 
istration made a frontal charge on 
the Murray partisans—called a line- 
buck over center, so to speak—may 
be taken as indicative of its con- 
fidence that its two candidates are 
of a caliber that the Murray forces 
cannot gainsay. 

Industry observers were curiously 
awaiting one thing last month: to 
see whether the new appointees 
would be able to function as 
independent-minded Commissioners. 
This was not to question the strength 
of character of the two men. Rather 
it was an awareness that although 
both had long backgrounds in gov 
ernmental, legal and financial work, 
neither has had extensive contact 
with the atomic energy field; a rec- 
ognition that it would consequently 
take them 6-12 months to learn all 
the angles and_ interrelationships; 
and—on the part of some anti-Strauss 
elements—fear that they won't learn 
enough to stand on their own two 
feet. On the other hand former as- 
sociates said Floberg and Graham 
“won't carry anybody's baggage.” 
One prominent person in the field 
regretted that men who had been 
living with atomic energy and 
wrestling with its problems were 
not named, while another said, 
don’t know where we'd have found 
better ones.” 

Willard F. Libby now remains 
the lone scientist on the five-man 
board, as had been the situation in 
the earlier days of the Commission 
when first Robert Bacher, then 
Henry D. Smyth had been the sci- 
entific member. During 1955-56 
Libby and Von Neumann had given 
top AEC leadership two scientific 
heads, so to speak. (There is of 
course no hard and fast rule on this 
it being merely a kind of unwritten 
law that there be at least one scien 
tist on the Commission. ) 

In a parting blast at AEC policies, 
Murray—whose seven years on the 
Commission added up to the longest 
consecutive tenure in its history 
filed a 25-page critical report with 
JCAE. Most of his strictures dealt 
with weapons policy, but he also 
renewed his pleas for a big govern 
ment program of building large 
power reactors, and for an end to 
“antiquated and _ unsatisfactory” 
secrecy policies. Reliance on private 
industry to develop nuclear power 
has proved ineffective, he said, and 
will not suffice if the U. S. is to take 
the lead in promoting an inter 
national atomic energy economy. 
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AEC Loses Reactor Program Control to Congress 


Giving in to Democratic demands, 
AEC last month agreed to Con 
gressional control over the power 
reactor development program. 

And, in line with Congress’ desire 
to bring AEC activities under closer 
public inspection, the Commission 
made its first public appearance be- 
fore a Congressional committee in 
support of its program. 

Specifically, the Commission ap- 
peared to seek authorization, item 


by item, for projects in its civilian 
reactor program which would re- 
quire $147-million in funds. 

Once the authorizations are signed 
into law, AEC must then put these 
projects through the appropriations 
procedures of the House and Senate 
to secure the funds needed to carry 
them out. As far as reactors are 
concerned, this procedure puts AEC 
on much the same footing as the 
Bureau of Reclamation, Corps of En 


Second Geneva agenda drafted 

\ provisional agenda for the second International Conference 
on the Peaceful Uses of Atomic Energy, to be held Sept. 1-13, 
1958, in Geneva, provides for a general session on fusion power 
possibilities, plus three technical sessions: energy balance in fusion 
systems; experimental systems; stability and other properties of 
plasmas. Nucteonics will print the entire agenda next month, 


U. N. compiles nuclear data 

A 25l-page compendium of reports on economic applications of 
atomic energy has been prepared by the U. N. for the use of its 
Economic and Social Council, meeting this month in Geneva. 
The report includes replies by Russia as well as Britain, France, 
Canada and the U. S., to a questionnaire covering nuclear power 
program activities, prospects and objectives. The Soviet replies 
cover much the same ground as the Belgrade report (see p. 20) 
but speaks of two, not one, large pressurized water reactor stations, 
plus a third graphite-moderated, water-cooled reactor station. 


Two more U. S. firms choose foreign partners 

Continuing a trend (NU, June '57, 23), two more U. S. com- 
panies have entered into agreements with foreign firms for joint 
development of nuclear services. “NDA Europe” has been formed 
by Nuclear Development Corp. of America together with the 
Societé Générale des Minerais and the Societé Belge pour I'In- 
dustrie Nucléaire ( Belgonucléaire ), both of Brussels. ‘The new firm 
will combine U. S. nuclear experience with established European 
manufacturing facilities. Its office will be in Brussels. Second, 
H. K. Ferguson Co., Cleveland engineers and builders, teamed up 
with John Laing & Son Ltd. of London, a large British construc- 
tion firm with experience on the two Windscale plutonium reac- 
tors and South African ore processing plants. The two will offer 
design and construction services. 


German A-law hits snag 

By two votes, the Bundestag, lower house of West Germany's 
parliament, failed to give the required % majority to a con- 
stitutional amendment to permit construction of reactors. This kills 
the basic atomic law for this year, places the timetable of the 
entire atomic development program in jeopardy. Chancellor 
Adenauer’s followers, who had promised support, sabotaged the 


bill by abstaining from voting, because they feared it would prevent 
West Germany from having nuclear weapons. The government is 
now trying to shift responsibility for reactor development to the 
various State governments, to avoid protracted delays. 
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gineers, and other bodies that must 
justify each project to Congress 

The paseo ae was quickly voted 
into law last month. The haste 
was to forestall possible complica 
tions and delays in obtaining sub 
sequent appropriations, as_ threat 
ened by Rep. Clarence D, Cannon 
(D-Mo.), INU, May ‘57, 18). 
Chairman Carl T. Durham of the 
Joint Committee on Atomic Energy 
and Sen. Clinton P. Anderson, (D 
N. M.) sponsored the measure 
amending Sec. 261 of the 1954 Act 
to require this routine henceforth. 

Not only AEC, but also the spon 
sors of various reactor projects testi 
fied before JCAE. The authoriza 
tions sought were for research, de 
velopment and construction funds 
for projects in the first, second and 
third round invitations. 

Actually, the $147-million breaks 
down to $123.8-million that would 
have to be appropriated, and $23.1 
million representing waiver for fuel 
use charges, requiring no payouts. 

The projects are: Power Reactor 
Development Co. ($4.2-million); 
Consumers Public Power District 
($44.2-million); Elk River Rural 
Cooperative Power Assn. ($8.4-mil 
lion}: Wolverine Electric Coopera 
tive ($4.9-million); City of Piqua, 
Ohio ($7.5-million); Chugach Elec 
tric Ass'n. ($13.6-million); post- 
construction r-&-d expenses under 
second round ($11-million); and 
$30-million for similar expenses 
under the third round. Among 
these projects, PRDC is the only one 
down for purely research and devel 
opment funds. 

The authorization hearing brought 
out JCAE concern over the fact that 
the electric co-op projects are essen 
tially 100% Federally financed. AEC 
will build the reactors while the 
conventional power equipment will 
be financed by Rural Electrification 
Administration loans. 

Democrats Clinton P. Anderson 
(N. M.) and Chet Holifield (Calif. ) 
wondered whether AEC would use 
the co-ops as a precedent for ad 
vancing greater financial aid to pri- 
vate industry projects 

a Sterling Cole (N. C.) 
wondered why private industry 
wasn't being helped to the same ex 
tent. He promptly introduced a 
new bill calling ™ greater financial 
aid for nuclear projects on an 80 
20% basis, 80% to private industry 
and 20% to public power groups. 
This is roughly the division between 
public and private power generation 
in the U. S. today 
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Russia’s A-Power Program Much Like American, 
Belgrade Report Reveals; First Big Station Like PWR 


Russia's present power reactor ce 
velopment program seems to be pat 
terned remarkably closely after that 
of the U. S This is the first and 
most striking impression one gains 
from a study of the two Russian 
papers presented at last month's 
eleventh sectional meeting of the 
World Power Conference in Bel 
grade 

For the program is now almost 
identical, in types of reactors if not 
their sizes, with AEC’s five-year 
program. It appears to embrac« 
four small reactors—a boiling water 
a sodium-graphite, a heavy-water 
homogeneous using thorium, and a 
fast plutonium breeder; and two 
large-scale stations. Of 
these one, using pressurized water 


ric lear 


for both moderation and cooling 
follows a design much like a scaled 
up Shippingport; the other is water 
cooled and graphite-moderated, like 
Russia’s first, 5-Mw prototy pe, powel 
reactor. This latte: type had ap 
peared to be the front-runner for 
selection as Russia’s first large-scale 
station at the time Dmitri I. Blokh 
intsev spoke at the Geneva confer 
ence in August 1955; as far as one 
can tell from the Belgrade report 
it now appears to be running on a 
longer time-schedule behind — the 
water-moderated plant, although 
this is not said explicitly The large 
gas-cooled reactor that Vladimir \ 
Vladimirsky said in New York in 
October 1955 his country intended 
to build is conspicuously missing 
from mention in last month’s papers 

If it be true that imitation is the 
sincerest form of flattery, the U. S 
AEC would appear to have reason 
to feel complimented. On the other 
hand, whether the Russians have 
chosen to build only these six first 
generator reactors, or whether they 
merely chose to mention only these 
at Belgrade, is probably not known 
this side of the River Bug. If the 
former, it represents a notable re 
trenchment over the 2—2.5-million 
kw program, including four larg: 
and ten small experimental reactors 
that Igor V. Kurchatov set at the 
Communist Party Congress in Feb 
ruary 1956 (table, NU, Aug. ‘56 
31). Enigmatic as ever, the Rus 
sians—unlike other Belgrade dele 
gates—submitted their papers un 
signed and too late for distribution 

Conclusion of one paper is re 
vealing: “As can be seen from the 
foregoing, the reactor described is 
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of the ordinary pressurized-wate: 
type, like the Shippingport Station 
reactor, but has a_ considerably 
greater capacity. 

“It is an interesting fact that the 
independent development of these 
reactors in different countries has 
led to analogous design decisions.” 


Nuclear Fuel Outlook 

The first paper was called “Out- 
look for Utilizetion in the USSR of 
Nuclear Fuel for Power Purposes.” 
After discussing reserves of natural 
fuel (fossil and hydro), it shows 
that more than 70% of the total re- 
serves are in Siberia,* and that 
therefore “it appears most expedient 
and justifiable” to use nuclear power 
in the high-cost-power area, i.e. Eu- 
ropean Russia, It alludes to the de- 
sirability of using nuclear stations 
for space heat and hot-water supply 
in large supplies, but says “the dan 
ger of possible radioactive wastes 
and the absence of experience in 
utilizing large atomic installations 
still bar the use” of reactors for this 
purpose; “newly-built atomic power 
stations in the USSR are not being 
considered for heat output for heat- 
ing purposes; they will be con- 
structed at a considerable distance 

* Comparative costs of electric power are 
given as follows: coal, Moscow region, 68-10 
kopecks/kwh; peat, Moscow region, 10-12; 
brown coal and imported fuel, Urals, 7-8; 
coal, Siberia, 4-7. In 1955, Blokhintsev’s fig- 
ure for projected cost for power from early 


50-100-Mw graphite-water reactor stations was 
10-20 kopecks/kwh. 


REACTOR VESSEL for Soviet PWR is 39 
ft high, has six primary loops. Com- 
pare our PWR vessel, NU, Dec. '56, 27 


from large population centers.” 

The first large-scale station will 
have two pressurized water reactors 
Conversion factor of ~ 0.8 is ex- 
pected. “Calculations indicate that 
plutonium that is extracted from 
burned-out fuel . can fully sat 
isfy the reactor’s requirement for en- 
riched material in subsequent charg 
ing, whence it follows that to ensure 
operation of the apparatus U™ may 
be required only for initial charg- 
ing.” This reactor is treated in 
greater detail in the second paper. 

Other reactor types considered 
promising require further experimen- 
tal study prior to large-scale use, the 
report continues. “To obtain this 
experimental data, it is intended to 
build four experimental reactor 
power installations of relatively 
small capacity, of the order of 5-70 
Mw.” These are: 

1. A boiling-water reactor with a 
thermal capacity of 300 Mw, and 
70 Mw (elec), producing saturated 
steam of 441 psi at the throttle 
“There will be natural circulation of 
the water-steam mixture in the re 
actor; to check on problems of reg 
ulation in the possibility of boosting 
reactors of this type, there is pro 
vided a supplementary steam gen- 
erator in which steam can be pro 
duced on the principle of the ‘dual 
cycle’ in an amount up to % of the 
steam produced in the reactor.” 
This is the route being taken by 
General Electric in its 180-Mw boil 
ing reactor for Commonwealth Edi 
son, and by Allis-Chalmers in its 
66-Mw unit for the Northern States 
group (see p. 57). With their 
boiling reactor the Russians propose 
to obtain data on “the stability of 
operation of the reactor under con 
ditions of a considerably varying 
content of steam in the water vol 
ume; regulation of the entire unit as 
a whole; . . . [and] prolonged op 
eration of the turbine on radioactive 
steam.” ‘These are the questions 
that still confront U. S. boiling re 
actor designers 

2. A sodium-cooled, graphite- 
moderated reactor will have 150- 
180 Mw thermal output to produce 
50 Mw (elec) using 1,470 psi, 932- 
950° F steam. As in SRE, there 
will be an intermediate NaK loop to 
prevent contact of radioactive pri- 
mary sodium with water in the 
power loop Experimental aims are 
to determine the neutron physics 
characteristics of a sodium-graphite 
reactor and its operating character 
istics as a power generator. 

3. A fast breeder project scaled 
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at 200 Mw (heat), 50 Mw (elec), 
will use the U“—Pu™ cycle. As in 
both EBRs and the Detroit fast 
breeder, sodium coolant will be used 
in the primary loop, heated from 
554 to 905° F as it goes through the 
reactor An intermediate NaK loop 
will be heated to 842° F and wil 
in turn produce 441 psi, 752° F 
superheated steam in the steam gen- 
erator. A “medium-pressure” tur- 
bogenerator will serve the installa- 
tion. “Gasketless hermetic centrif- 
ugal pumps will be used for pump- 
ing the Na and NaK in the first and 
intermediate loops.” Most impor- 
tant experimental problem here is 
the possibility of breeder opera- 
tion The small dimensions of 
the core require achieving extremely 
high heat fluxes at the fuel element 
surface-——76.6-85.2-million Btu/ft’/ 
hr; the problem of reliable cooling 
must also be solved.” 

4. A D.O-moderated homogene- 
ous unit is the “fourth experimental 
reactor installation destined for con 
truction that may also be used sub- 
sequently for power production.” 
Fuel will be “a solution of uranium 
salts or a suspension of fine powder 
[slurry] in heavy water.” It will be 
i breeder operating on the Th™-U™ 
cycle; heat output will be 25-35 Mw. 

Concludes the report: “Experi- 
mental exploitation of the reactors 
described will make it possible to 
determine the fundamental operat- 
ing characteristics of power installa- 
tions supplied with reactors of these 
types, their stability and reliability 
in operation and also the regulating 
conditions. The possibility of pro- 
longed operation of the plants with- 
out fuel recharging, and also prob 
lems of chemical processing must 
also be clarified.” 

Other highlights of the report: 
* “Experience gained from the 5-Mw 
first atomic power station of the 
USSR bears out the possibility of 
operating with a high degree of re 
liability. In almost three years of 
operation at this station there has 
not been any damage from break 
down of fuel elements in the core.” 
* “Radiation safety of station person- 
nel is achieved by a biological pro 
tection arrangement that insures 
maximum permissible doses of radi 
ation. . . . In particular, the organ 
ization of a system of eliminating 
liquid radioactive wastes from the 


reactor loop is proposed, in accord 
ance with which system the radio 
active products will not go beyond 
the limits of the station grounds.” 

e“As concerns breakdown of the 
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FUEL ELEMENTS are 10% ft high, have 
only one peripheral row of fuel rods; 
control rods are centered 


cladding of fuel elements from cor 
rosion, data on hand permit consid- 
ering the creation of corrosion-stable 
coatings for a determined range of 
operating temperatures with appro- 
priate choice of coating material.” 
¢ “Existing calculated and experi 
mental data permit us to look for- 
ward to the possibility of achieving 
sufficiently deep burnout of the fuel 
to obtain an economically justifiable 
cost amount for the fuel component 
for electric power. . Obstruc- 
tions to the realization of slow fuel 
burnout can be: losses of fuel re 
activity; breakdown of fuel elements 
as a result of an alteration in the 
composition of the fuel in propor 
tion of slag [fission product] ac 
cumulation, or as the result of the 
effect of neutron irradiation on the 
construction materials of the ele- 
ments; corrosion breakdown of fuel 
element cladding.” 

¢ “Physical calculations for power 
reactors indicate that it is possible 
to devise active zones capable of 
operating for long periods of time 
without recharging (with a yield 
from one ton of fuel up to 10,000 
Mw-days of power). Such burnout 
of fuel is higher than that on which 
the atomic stations being built are 
based (2,500-—3,500 Mwd/ton).” 

¢ “The technical characteristics and 
in particular, the power of atomic 
power stations have been selected 
so that the cost of the electric power 
produced in them does not exceed 
the cost of power at thermal plants.” 


420-Mw Nuclear Station 
The second Russian paper at Bel- 


grade was entitled, “Project for a 


120-Mw Atomic Electric Station 
and gives a fairly complete technical 
description of this pressurized-water 
plant hasaten slightly-enriched ura 
nium. It is “intended to supply 
power to a separate district, but will 
also be connected to the unified 
power system of the European part 
of the USSR.” The station is ex 
pected to go on the line in 1960 
The first section of the station will 
have a total capacity of 420 Mw 
(elec) in two units, with one 760 
Mw (heat), 210-Mw (elec) reactor 
per unit, and three 70-Mw turbo 
generators for each unit. The re 
actor will feed six circulation loops 
each containing a horizontal steam 
generator, gasketless 
pump, and valves with hydraulic 
and electric drive that permit dis 
connection of any loop while in op 
eration. Primary water at 1,470 
psi will be heated from 482 to 527 
F in the reactor; rated flow through 
the core is 120,000 gpm; flow veloc 
ity in the 21.6-in yipes is 25 ft/sec 
pressure drop in the loop is 69 psi 
Unlike PWR, intake water does 


not enter at the bottom of the pres 


centrifugal 


sure vessel but above the core, and 
flows down inside the vessel shell 
cooling the walls before it passes 
upward through the core. The 
steam generator 170-psi 
damp saturated steam which is dried 


produces 
in separators. Secondary steam and 
feedwater lines are “executed in a 
conventional 
steam generators to each turbine 

The core will be 9.84 ft dia and 
8.2 ft high in the form of a remoy 
able basket containing 349 hexa 
gonal “casings with fuel elements’ 
of uranium dioxide. The “casings” 
are hexagonal zirconium tubes 10.5 
ft long, 6.5 in. circumscribed dia 
0.079 in. wall thickness; they are 
arranged in the core in a triangular 
grating with 5.79 in. spacing. They 
have cylindrical tips that fit in the 
basket’s bottom thrust plate, For 
protection from vibration the casings 
are further fastened to the upper 
spacing grating which is held by a 
“clamping cylinder” and rests against 
the reactor shell lid 
the non-uniformity of heat genera 
tion within the core, water flow 
along the casings is redistributed by 
means of throttle washers mounted 
in the lower thrust plate “After 
actual starting of the reactor and 
adjusting for non-uniformity of new 
tron field, the quantity of water 
flow along the casings can be re 
adjusted.” 

Inside the hexagonal tubes, fitted 
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into the triangulas grating, are in 
serted fuel elements of 0.40 in. dia 
spaced 0.563 in. apart, and sep 
arated longitudinally by several plate 
gratings. 

“There are several ways of load 
ing a core. The first charge should 
be made of 17 tons of natural ura 
nium dioxide and 23 tons of uranium 
dioxide enriched to 1.5%. In future, 
it is planned to use combined charg 
ing of natural and considerably 
higher enriched fuel. Final selec 
tion of the most efficient charge will 
be made only after a certain period 
of exploitation.” 

The pressure vessel is a cylinder 
12.5 ft dia, 39.4 ft high, with a flat 
removable lid and elliptical bottom 
The shell wall is 3.93 in. thick in its 
lower and center part and 7.09 in 
in the upper, the most stressed, part 
In the ‘upper part of the shell are 
two rows of six nipples each having 
a 19.7 in. mtr dia, for connect 
ing the six circulation loops, as well 
as 12 nipples of 3.93 in. for thermo 
couple —_lead-outs. Control and 
safety rod drive gears are [as at 
Shippingport] mounted on the re 
movable vessel lid. High-strength 
heat-resistant steel with a yield point 
of 71,200 psi at 617° F will be used 
for the reactor vessel, “a factor 
which provided a two-fold 
safety factor in the yield point 
The interior surface is stainless-lined 
Weight without the lid is 170 tons 
total dry weight of the reactor i: 
120 tons. “Protection of the reacto: 
shell from the action of neutrons i 
accomplished by a steel shield 1.57 
3.54 in. thick and 7.88 in. of water.’ 


Automatic Control 

Two of the fuel element assem 
blies have an automatic control rod 
at the center; control is by replace 
ment of fissionable by an [unspeci 
fied] absorbing material. In addi 
tion to the two control rods there 
are six safety rods, Control is au 
tomatic: “Basic parameter for con 
trol of reactor power is the mean 
temperature of the reactor coolant, 
504° F. When load at the bus bar 
changes, the governor maintains 
constant speed by changing the 
amount of steam admitted to the 
turbine. A change in steam con 
sumption upsets the equilibrium be 
tween steam production and con 
sumption, which results in pressure 
change at the steam generators, and 
temperature change in the coolant 
at the outlet (for coolant tempera 
ture increases with a decrease in 
load and vice versa) lempera 
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ture regulators, by changing the r 
actor power, maintain constant the 
mean temperature of coolant; the 
steam pressure in the steam gen 
erators is 470 psi abs for normal 
load, but increases to 735 psi when 
the load drops to zero. Hourly 
consumption of coolant for all oper 
ating conditions remains the same 
and reactor power is changed by its 
reference input element, and the as- 
signed power level is maintained by 
an automatic control system with an 
accuracy of + 1%.” 

Core unloading is done by a 125 
ton capacity electric bridge crane 
under a protective layer of water up 
to 15.2 ft, — personnel to 
remain in t 
Either individual casings or the 
whole core as a unit may be un 
loaded; it is estimated that to re- 
move each casing separately would 
take 4 days, to unload the core as a 
unit 2 days. All material removed 
will be held 180 days underwater 
in a holding tank. 

Each steam generator 
heat exchanger is calculated to 
produce 230 tons/hr of dry satur 


1e reactor control hall 


a tubular 


ated steam at 470 psi and a feed 


water temperature of 378° F.  Pri- 
mary water flows through the tubes 
and secondary water is on the shell 
side. Heating surface is 13,890 ft’. 
The six gasketless, lead-proof 
main coolant pumps are in ge 
one in each “arene loop; they are 
vertical, single-stage centrifugal as- 
semblies in which the hydraulic part 
and the electric drive are con- 
structed in a single unit, and the 
working volume is hermetically 
sealed from the atmosphere. Each 
pump has an output of 23,100 gpm 
and develops a pressure of 71.2 psi. 
Cooling of the eens is done by 
the operating fluid, fed to the bear 
ings through a spec ial cooler by 
means of a vane mounted on the 
upper end of the pump rotor. The 
bearings are unloaded of radial and 
axial stresses; they are instrumented 
for temperature and for wear. 
Circulating water is drawn oif at 
a rate of 106 gpm for cleaning in a 
multistage evaporator. 
goes back to the reactor circuit and 
the residue to a radioactive dump. 
Gross energy efficiency of the sta- 
tion is 27.5%; electric energy con 
sumed for its own needs is 7.45% 


Condensate 


PRDC Hearings Off Until August 


AEC last month summoned its 
own witnesses to testify before its 
examiner, Jay A. Kyle, on the fast 
breeder construction permit issued 
the Power Reactor Development Co. 
Previously, the three unions that 
lad petitioned for suspension of the 
permit on the ground the reactor 
would not be safe at the Lagoona 


Beach, Mich., site, had completed 
their presentation 

The hearing will resume in August 
to hear the last of AEC’s witnesses, 
Manson Benedict of MIT. PRDC 
will then have a chance for rebuttal, 
after which the hearing record will 
go to AEC for consideration and a 
final decision. 


U. S. Ratifies IAEA Statute After 10 Other Nations 


The U. S. became the eleventh 
country to ratify the statute of the 
International Atomic Energy Agency 
on June 18, when the Senate ap- 
a the charter, 67-19—a far 
vigger margin than the two-thirds 
required. Four days earlier the 
Senate Foreign Relations Committee 
had unanimously approved the stat- 
ute, with one qualification proposed 
by Republican Senators William F 
Knowland (Calif.) and Bourke B. 
Hickenlooper (Iowa). However 
this was not a formal reservation, 
but merely expressed the under- 
standing of the Senate in ratifying 
the statute that any proposed 
amendment to the statute would be 
brought before the Senate, and that 
the U. S. would not remain a mem 


ber of IAEA if the latter adopted 


an amendment to the statute op 
posed by the Senate. During two 
days of floor debate the Senate 
turned down 55-31 a reservation 
that would have required Congres 
sional approval for each U. S. offer 
of nuclear material to the Agency. 
The final vote saw 35 Democrats 
and 32 Republicans arrayed against 
9 Democrats and 10 Republicans. 
Afghanistan, Austria, Byelorussia, 
Guatemala, Norway, Pakistan, Ru 
mania, Switzerland, the Union of 
South Africa and the USSR had rati 
fied before the U. S.; since then 
Czechoslovakia has also ratified. 
Eighteen nations including three of 
the atomic Big Five must ratify for 
the Agency to come into being; its 
first (and founding) General Con 
ference is set for Oct. 1 in Vienna 
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Washington Report 


During the first two weeks in November the Atomic 
Energy Commission hopes to complete the transfer 
of its 1,490 employees to its new headquarters build- 
ing at Germantown, Md. Located in farm country, 
25 miles from the District of Columbia, the new 
building is scheduled for completion Nov. 2. The 
move was set at a time when dispersal of vital 
agencies outside the D. C. target area was required 
by a White House order, since withdrawn. 

The move will mark the first time since AEC has 
a major Federal agency that the staff will 
be housed in one office building. For the past few 
years the Commission has been split between 1901 
where the Commissioners, divi- 


become 


Constitution Ave. 
sion of public information and some other divisions 
ure located, and 1717 H St. where the rest of Com- 
mission, including the division of reactor develop 
ment, is located. Prior to occupancy of 1717 H St., 
much of AEC’s staff was scattered in World War II 
temporaries 


In preparation for the move, AEC has had a 
special staff working for the past two years on the 
various problems involved. 

A major concern has been housing in an area in 
habited largely by grazing cattle. Many employees 
will have to commute from Washington, or move into 
nearer Maryland suburbs such as Bethesda and 
Rockville. 

Another concern will be maintaining the staff at 
full strength. AEC expects to lose fully half its 
stenographic help. Major reason for this is the 
fact that commuting costs will equal a salary grade 

Some technical help will be lost but the Commis 
sion is coy as to the precise figures. Actually, AE‘ 
employees have not yet been asked for a firm answer 
on whether or not they will make the move. This 
won't come until August. 


To gain some idea of where it stood, the Commis- 
sion hired the Boston consulting firm of Harbridge 
House, Inc., to make a survey of employee inten 
tions. AE C is reported to have been shocked by its 
revelations, more pessimistic than AEC expected. 
Lack of housing was the leading reservation in the 
minds of employees about making the move, the 
survey showed. 

AEC figures that recruitment, training, processing 
and clearance of an employee costs $1,000. On the 
basis of this figure it sought an allowance of up to 
$600 per employee for moving expenses over and 
above the normal moving costs which will be reim- 
bursed. The figure was to cover closing fees in 
house pure hases, lease severance fees in the case of 


renters, auto registration fees, and similar expenses 
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AEC’S NEW HOME is shaping up today like this (compare 
with architect's sketch NU, Jan. ‘56, 11). Germantown 
headquarters is 27 mi by car from downtown Washington 


involved in moving. The Bureau of the Budget 
turned down the request 

The new headquarters has been designed to hold 
1,600 employees. Already AEC has outgrown this 
figure and a request is now pending in Congress for 
authorization to add another wing to hold 200. 

Once the move has been made, AEC will maintain 
in Washington a document room, a hearing room 
and a few offices for the use of Commissioners and 
other officers coming into the District on business 

People doing business with AEC are going to find 

the new location inconvenient, at least at the start. 


Transport. The Government will supply bus serv 
ce to AEC, but for Government employees only, ac 
cording to present plans. For businessmen the best 
bets will be their own or rented cars or taxis. How- 
ever, AEC now says it is exploring the possibility of 
providing transportation for its contractors’ repre- 
sentatives when they are calling on official business 
Greyhound runs 8-9 buses a day but the closest 
The Balti- 
more and Ohio railroad passes through Germantown 
itself, also a mile from AEC, But B&O runs a com 


muter service, three trains in to Washington in the 


stopping point now is a mile from AEC. 


morning, two trains out in the evening. This schedule 
would have to be reversed to meet AEC needs, but 
the road wants a guarantee of enough business be 


fore it puts on new trains. 


Shelter. motel, the 
Washington, near the new building and others far 


There is one fairly large 
ther away. One would-be builder of a motel oppo- 
site the new building, designed for businessmen call- 
ing on AEC, has encountered zoning trouble: Mont 
gomery County has zoned much of the area for in 
dustrial, rather than commercial or residential, use 


Food. Eating will be another problem. AEC 
will have a 350-seat cafeteria and a 150-seat dining 
The Washington Motel has a 97-seat dining 
But for fancier eating, diners must find trans- 
portation to one of three good country restaurants 


room, 


room, 


within a 15-mile radius, or return to the District 
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A-Power Plant Builders 
Report New Progress 


Clark Goodman of AEC and six 
power project officers briefed the 
American Nuclear Society meeting in 
Pittsburgh last month. Highlights 

Goodman Components for LA 
PRE-2 were largely on hand when 
LAPRE-1 failed; it’s planned to 
complete and test the former 
EBR-1 is being rebuilt, not only to 
take the Mark-3 core (NU, Feb. ’57 
R10), but also to permit primar 
cooling to be changed at will from 
series to parallel LAMPRI 
the molten plutonium fueled powe: 
test, may use a tantalum containes 
for the Pu-Fe fuel alloy J ae 
general shift to oxide away from 
metal fuel elements represents a 
compromise taking poorer nuclear 
physics for improved radiation dam 
age properties and better compati 
bility between fuel element and 
coolant.” 

Harrer on EBWR—Operating ex 
perience has been satistactory (sec 
p. 61). Only mishap: a feedwater 
pump failed when the thrust bear 
ing disintegrated 

Peabody on Dresden —The ce 

tailed engineering design is 50% com 
jlete (cf NU, Jan. ’57, R8) and will 
¢ finished by end of 1958; half th 
hardware (on a dollar basis) has 
been ordered, the rest will be o1 
dered by end of 1957. . The 
fuel element 
changed; instead of two types ol 
element—fuel and fuel-&-poison 
there will be only one standard fuel 
element, and control will be by cru 
ciform (EBWR-type) 
ments. This is intended to vive 
better distribution of moderator in 
the core, reduce fucl enrichment r 
quirements, reduce hot spot danger 
provide more adequate control, and 
simplify design. ‘There are now 80 
control rods; each fuel element has 
36 fuel rods in 6 & 6 arra’ 
The external water tower for emer 
gency cooling has been abandoned 
instead the emergency cooling sys 
tem will be placed in the spher 
top, as in EBWR A \Y-scal 
model has been built to study flow 
characteristics. 

Ward on Indian Point 
tions will be poured starting Sep 
tember or October A new fuel 
element has been designed (photo 
NU, April ’57, 20). Present sched 
ule calls for non-nuclear testing to 
start in March 1960, critical testing 
in August, and full power operations 

originally set for May 1960, will 


design has bee n 


poison ‘ le 


Found i 
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now begin in January 1961. 
Chicago Bridge & Iron will build 
the sphere. . . . $10-million will 
have been committed for equipment, 
$3-million for construction as the 
nuclear portions only—by year’s end. 
Amorosi on Fermi (PRDC) Fast 
Breeder—Reactor vessel is complete 
except for welds connecting major 
sub-assemblies. Optical methods 
are being used for aligning major 
vessel parts for joining, as an almost 
unprecedented \-in. tolerance on the 
center-line is specified. The vessel 
will be completed and subjected to 
pressure tests in a few months; then 
the internal shield, hold-down plat 
and rotary shield-plug will be in 
stalled and tested for alignment, and 
the unit shipped before year’s end 
Plans are still to go critical in 
December 1959 “= several months.” 
Stoker on Yankee 
struction will begin in 1958; the site 
has now been cleared and meteoro 


Heavy coh 


logical and hydrological tests and 
drilling are under way. This plant 
lags behind the others by 6-12 
months 

Fax on Pennsylvania Advanced 
Reactor—-Goal is still to be in serv 
ice in 1962 
on the basis of long-run loop tests 


Corrosion is proving 


to be less of a problem than had 
been feared. So far no problems 
have been encountered that the 


group does not feel it can solve 


GE is in Fusion; 
UK Briefs Industry 


General Electric has established 
“a substantial research program” to 
study the possibilities of 
power, vice president and research 
director Guy Suits revealed, a brief 
month after General Atomic division 
of General Dynamics made the first 
announcement of private-industry 
financed work in the field. “Ow 
work on fusion,” Suits said of CE 
“has been going on for over a year 
and is expanding.” Heading the 
project is Henry Hurwitz, Jr., for 
merly of the Knolls Atomic Power 
Laboratory's reactor programs; it is 
being carried out at the GE Re 
search Laboratory in Schenectady 
The project is not yet fully staffed 


fusion 


British Active 

Many British firms not previously 
concerned with nuclear power were 
among those invited to a three-day 
conference at Harwell to discuss 
practical applications — of 
power and to be briefed on latest 
British and U. S. developments in 


fusion 


its industrial uses; 25 AEC delegates 
were observers at the secret talks 
The briefing was considered revolu- 
tionary in view of the large number 
of firms invited® and the amount of 
information believed disclosed. 

T. E. Allibone, director of the re 
search labs of AEI (which holds a 
British government contract for fu- 
sion power research), told the meet- 
ing that success in harnessing the 
thermonuclear reaction might come 
within 10 years, and rated this as 
“possible”; success by century’s end 
he considered ‘probable.” 


* They included: AEI-John Thompson Nu- 
clear Energy Co.; British Electrical Trans- 
former Co.; British Thompson Houston; British 
Insulated Callenders Cables; Central Electricity 
Authority; Chloride Batteries; Crompton Park- 
inson; Dubilier Condenser Co.; English Elec- 
trie Electrical Research Ass'n Electrical 
Musical Industries Ltd Ferranti General 
Electric Co.; Hawker Siddeley; Head Wright 
on; International Combustion; Imperial Chem 
ical Industries; Magnetic & Electrical Alloys 
Nuclear Applications Lid Nuclear Powe: 
Plant Co.; C. A, Parsons Ltd.; Plessey Led. 
Reyrolle; Richardsons Westgarth; Standard 
Telephones & Cable Simon-Carves; Telcon- 
Magnetic Cores Felegraph Construction & 
Maintenance Vicks Nuclear Engineering 
Ltd.; Whessoe 


i 
First West Coast A-Sub 


Sargo, Navy's fifth nuclear submarine 
and first of three building at Mare 
Island Navy Yard near San Francisco, 


takes shape. September is tentatively 
set for launching of Skate-class boat. 
Stern is at bottom, with inner pressure 
hull plates not yet fixed to ribs 
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Reactor News 


AEC STRETCHES OUT FLUID FUEL OFFER 

\EC has extended the minimum completion date for 
third-round plants using fluid fuel reactors from June 30, 
1962, to “at least” June 30, 1963. The decision was 
based on the prolonged delay in the startup of Homo 
geneous Reactor Experiment-2 at Oak Ridge National 
Laboratory, and the consequent slowing of progress since 
AEC issued the third invitation under its Power Demon 
stration Program last January (NU, Jan. °57, R1; Feb.., 
R6). The principal private project for a homogeneous 
power reactor is the Pennsylvania Advanced Reactor of 
Pennsylvania Power & Light Co. and igen age 
“We doubt whether we want to qualify under the 
extension,” PP&L officials told Nucteonics. The one- 
vear extension doesn’t apply to them, they said, for in 
no case could they determine technical feasibility of 
their reactor until mid-1958. Furthermore, they main 
tain that AEC’s new cutoff date is too restrictive and 
that research-development cannot be legislated by time 
tables. The other private homogeneous project, that of 
Wolverine Electric Co. and Foster Wheeler (NU, 
March °56, 21), is in the second round, thus not affected. 


DRESDEN UNDER WAY—OFFICIALLY 


With excavation completed and below-grade concrete 
pouring well pv om it was “start of major construc 
tion” rather than ground-breaking that was observed at 
the site of Commonwealth Edison’s 180-Mw Dresden 
nuclear power station. 400 visitors joined the 600 


workmen for ceremonies that included erection of the 
first of 20 steel columns 2 ft dia and 55 ft high to sup 
port the 190-ft steel containment sphere. 


GE OFFERS JAPAN A DRESDEN COPY 

General Electric has submitted proposals to Japan's 
AEC and utilities there to build a 186-Mw nuclear 
power station in Japan. It would feature a dual-cycle 
boiling water reactor similar to the 180-Mw Dresden 
station GE is building for Commonwealth Edison of 
Chicago. Much of the equipment and accessories for 
the plant would be produced in Japan. 


RELOADING EASES HOT FUEL TESTING 

Hot fuel samples taken from MTR loops may be rein 
serted with the use of a new “hot reload system” de- 
vised by a Knolls Atomic Power Lab group working at 
the Materials Testing Reactor in Idaho, The new 
equipment permits a single fuel sample to be used 
through an entire series of experiments, makes it possible 
for samples to be removed from and replaced in the test 
loop as often as desired. Tests may be interrupted for 
higher-priority work and continued later without im- 
pairment Initial cost of the new equipment was 
$20.000. said to have been “more than saved” in the 
first experiment conducted; savings of $100,000/yr in 
time and material economies are forecast. 


AMF SELLS POOLS IN ITALY AND PORTUGAL 
SORIN, the joint Fiat-Montecatini nuc lear development 


company (NU, Sept. ‘56, R6), has bought from AMF 


Atomics a 1-Mw pool for industrial research, isotope 
production and personnel training. It will be the first 
privately-owned and -operated research reactor on the 


continent. Provision will be made to increase power 
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level to 5 Mw. . . . AMF Atomics sold another 1-Mw 
pool to Portugal for its new nuclear research center near 
Lisbon. 


EXPENSIVE ALPR BID ACCEPTED 

AEC has awarded a contract for construction of the 
non-nuclear part of the 200-kw Argonne Low Power 
Reactor to Fegles Construction Co. of Minneapolis, low 
bidder at $752,000, even though the bid was almost 
double AEC’s preliminary estimate of $400,000. 
Fegles was one of seven bidders. The work, including 
power plant, supporting buildings and equipment, is to 
take 300 days. 


HARDEMAN LOW BIDDER ON SPERT-2 

Paul Hardeman Inc. of Los Angeles, with a $1.2-million 
low bid, won an AEC contract to build the SPERT-2 
facility at the Idaho reactor testing station (NU, June 
‘57, 26). Six other firms bid. 
building SPERT-3. 


Hardeman is also 


ALASKAN APPR SEEN SOON 

A 2-Mw package power plant--APPR-la, a duplicate of 
the Ft. Belvoir APPR—will be installed at an Army post 
in Alaska “soon,” says Maj. Gen. E. C. Itschner, chief of 
the Army Corps of Engineers. Alco, builder of APPR, 
has been designing the new unit (NU, April ‘57, 19), 
expected to operate at a cost of 1¢/kwh and still save 
money in Alaska by eliminating transport of 16-million 
lb/yr of oil. 


KIDDE TO SURVEY SITES FOR PAR 

Walter Kidde Nuclear Laboratories has been engaged by 
the Pennsylvania Advanced Reactor group to do site sur 
veys and preliminary safety analysis; Kidde will also 
continue work on ventilation started last fall. Westing 
house and Pennsylvania Power & Light are developing 
PAR, a 150-Mw aqueous homogeneous plant; Union 
Carbide is working on chemical reprocessing of the 
mixed thorium-uranium slurry 


WORK STARTS AT WALTZ MILL 

Westinghouse broke ground July 8 at Waltz Mill, Pa., 
for WTR (NU, June ‘57, 26), first privately-financed, 
industry-owned materials testing reactor. 


NEW CRITICAL FACILITY IN IDAHO 

A low-power reactor called ETRC-—Engineering Test 
Reactor Critical Facility-—-was put in operation at AEC’s 
reactor testing station. Function of the 50-kw unit, 
whose core is identical with that of ETR, is to test 
nuclear behavior of the larger machine, leaving it free 
to run at full power. 


DANISH FUEL CONTRACT TO B&W 


Babcock & Wilcox’s Lynchburg fuel-element plant is 
making the 20%-enriched assemblies for Denmark's tank 
research reactor; 33 fuel and 12 fuel-control elements are 
to be delivered by Sept. 1. The reactor is to begin op 
eration in October. B&W is also making 38 elements 
for a similar research reactor for the Livermore lab 
Both reactors are being built by Foster Wheele: 


SEAWOLF PILING UP MILES 


The Navy's second nuclear submarine returned from a 
post-shakedown Caribbean cruise with 13,800 miles re 
corded in her log, more than 9,000 of them submerged 





Report from Spain: 





Sense of Urgency Grips Madrid on Nuclear Power; 
Conventional Sources to be Fully Exploited in 10 Years 


MADRID 


In the past year a sense of ur 
gency has taken hold in Spain with 
regard to atomic energy develop 
ment. The reason is that in ten 
years’ time the country’s conven 
tional sources of power will have 
been tapped to the maximum limit 
of economic possibilities. The de 
velopment of hydroelectric power 
will have reached its maximum ca 
my + Coal is already scarce and 
as to be imported. Yet Spain's 
population is increasing at a rate of 
two million every five years, and 
ower consumption is going up at a 
et pace than in any other Euro 
pean country (in the last 10 years 
at an average rate of 8.6%/yr) 
Like Britain, Sweden, and some 
other European countries, Spain 
must have nuclear power as a mat 
ter of economic life or death 

cxperts calculate that by 
power from conventional 
will amount to 9-million kw installed 
but that by 1972 2-5-million kw 
additional will be needed if the 
country’s needs are to be met. Ten 
years from now Spain must either 
import increasing quantities of fuel 
or draw on atomic energy if the 
country is to be saved from eco 
nomic collapse. Consequently seri 
ous study is being made of nuclear 
power possibilities. 

This year the budget of the Junta 
de Energia Nuclear, Spain’s advisory 
body on atomic development, has 
been tripled: it now stands at 300 
million pesetas ($6.54-million) 

So far these things are being done 

* Spain is exploring its uranium 
resources. Deposits have been dis 
covered in the provinces of Cordoba 
Jaén, Caceres, Badajoz and Sala 
manca. First estimates set the de 
posits at 400,000 tons of secondary 
ores yielding 1-6 Kg ton, following 
exploration by means of pit-heads 
and drilling. 

¢ A concentration plant for treat 
ing the ore is being built at Andujar 
and will go into operation this fall, 
processing 30,000-40,000 tons/yr 

¢ A heavy-water production plant 
has been set up in Huesca province 

¢ A 3-Mw pool-type reactor is to 
come into operation in 1958, for 
training personnel, at the Mon loa 
research center NW of Madrid 

¢ Besides the Junta de Energia 
Nuclear, other bodies are directly 
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sources 
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interested in atomic energy develop 
ment. The government's Instituto 
Nacional de Industrias will have a 
lot to say regarding the eventual 
purchase of atomic power plants 
manufactured abroad. A non-gov- 
ernmental, private group, consisting 
of Iberduero, Electra de Viesgo, and 
the Banco de Viscaya, has formed a 
company called Centrales Nucleares 
del Norte. Another grouping of 


wo firms, calling itself Tecnatom 
ias been formed (NU, May 57, 27) 
by y mee p industrial concerns look 


ing ahead to the supplying of atomic 
equipment. They, with the Urquijo 
Bank behind them, want to promote 
domestic building of atomic plants. 

The Spanish government has final 
say on what Spain’s atomic energy 


Andujar 


4. Cordoba 
5. Jaén 
6. Huesca 


1. Salamanca 
2. Caceres 
3. Badajoz 


Lee is to be. Such a program, 
ormulated by the Junta, is presently 
under consideration. It is known 
to recommend the setting up by 
1961 of a big material testing re- 
actor or, alternatively, the installa- 
tion by 1963 of a 20-Mw heavy 
water reactor. Big business (Cen 
trales Nucleares del Norte) is pres- 
sing for the purchase abroad, next 
year or in 1959, of a large reactor 
for industrial purposes. 

The Junta feels that nationaliza 
tion of the production of fuel ele 
ments for the reactors is imperative 
It considers that government super 
vision can best favor the exploita 
tion of the country’s natural uranium 
resources. The idea is that the 
more Spain draws on domestic fuel 
for its reactors, the more spare cash 
there will be for purchasing needed 
atomic equipment manufactured 
abroad. It doesn’t want foreign ex 





change—always short in Spain—to 
be used for importing pace 0 fuel 
when the country’s own deposits 
may be made to yield what is need- 
ed. For this reason there is intense 
interest in exploration of the possi- 
bilities of uranium ore found in 
Spain. It is felt that research on 
fuel should be developed and ex- 
perience gained as hoe vossible 
now pending further atomic jt 
ment in the United States, Britain 
and France—from which Spain 
could later conclude what types of 
reactors best meet its needs. 
Personnel training has high prior- 
ity in the atomic development pro- 
gram. Since its creation in 1951, 
the Junta de Energia Nuclear has 
been training graduate science stu- 
dents from the universities and the 
schools of engineering, sending a 
selected number abroad for further 
instruction. Of 130 student-scien- 
tists, 50 have supplemented their 
studies with sojourns abroad ranging 
from six months to three years. 
Specialists were at first sent to Italy, 
then to Switzerland, the United 
States, Great Britain, Germany, Nor- 
way and France. The lifting of se 
crecy on atomic development that 
had obtained in most countries until 
1954 has eased the problem of turn 
ing out competent atomic scientists 
in Spain, but the Junta feels more 
will be needed than are available 


AEC Licensing News 


Construction permits issued; Gener- 
al Electric, i GETR, a 30-Mw 
pressurized water test reactor; and 
for a critical experiment facility on 
Spanish wont reactor, both at 
Vallecitos, Calif., 6/14/57 

General Dynamics, for an experi- 
mental nuclear facility and a series 
of initial uranium foil experiments, 
at San Diego, 6/18/57 

Curtiss Wright, for a 1-Mw pool- 
type research reactor at Quehanna 
Pa., 6/20/57 
Export licenses issued: Babcock & 
Wilcox, to export pool-type research 
reactor to Society for Utilization of 
Nuclear Engineering in Shipbuild 
ing and Navigation, Hamburg 
6/7/57 

Intercontinental Chemical Corp. 
to export a 50-Kw L-54 Atomics 
International solution-type research 
reactor to Farbwerke Hoechst AG, 
Frankfurt, 6/11/57 
Export applications received: ACF 
Sedeseian to export a 30-Mw tank- 
type reactor to Swedish AEC, 
6/18/57 
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World News 


Chinon ‘Plant Moving Ahead 





Excavation has been completed at EDF-1, France's first 
all-power nuclear plant at Avoine near Chinon (NU, 
Aug. ‘56, Rll; Sept., R6; Dec, RY). A 187-ft dia 
concrete sphere on the bank of the Loire will contain 
the steel-and-concrete-shielded reactor, fuel handling and 
control mechanisms, four heat exchangers, turbo-blowers 
and auxiliary equipment; outside in a separate building 
will be the turbogenerators. The 60-Mw graphite-mod- 
erated CO.-cooled unit is slated to enter service in 1959. 
Green Light for Third CEA A-Station 
Britain's Ministry of Power has given formal consent for 
construction of the Central Electricity Authority's third 
after Bradwell and Berkeley) nuclear power station at 
Hinkley Point, Somerset (NU, June ‘57, 27). Biggest 
yet planned in Britain, it is to produce 500 Mw (elec) 
from two 250-Mw improved Calder-type reactors, will 
cost $168-196-million. The English Electric—Babcock 
& Wilcox-Taylor Woodrow consortium will submit a bid 
this week to CEA; if it’s accepted, work will start in 
September for completion by late ‘59 or early ‘60. 





French Test Reactor Started at Saclay 





EL-3, France’s $10-million high-flux materials testing 
reactor (NU, Dec. '56, R10) was started up July 4. 


Merchant A-Ships Pushed Abroad 


The Italian Line announced at the keel-laying of the 
31,500-ton Leonardo da Vinci, replacement for the 
Andrea Doria, that the 60,000-hp vessel’s design will 
permit future conversion to nuclear propulsion. This is 
the second such design, following the French Line’s new 
France (NU, Sept. 56, R11)... In Sweden, Udde 
vallavarvet, a shipyard at Uddevalla, said that the third 
of three 65,000-ton tankers it will build for Ships, Inc., 
a Cities Service Oil Co. affiliate, will be powered by a 
U. S.-built reactor. However, E. G. Maddock, Cities 
Service vice president, said the atomic plan was still 
tentative. The tankers are each to have 22,000-hp tur 
bines and a speed of 16% knots. 





Notes from Britain 

Sale of at least one Calder-type to Italy has been “prac 
tically settled” according to The Times of London. It 
quoted British Board of Trade head David Eccles in 
tome after his talks with Enrico Mattei, head of the 
Italian state oil monopoly, ENI. Mattei is said to have 
recommended to another Italian state enterprise con 
sidering purchase of a U. S. reactor that it first study 
Calder Hall. . . . Chairman Koichi Uda of Japan’s AEC 
said at the end of a fact-finding mission to Britain that 
the U. K.’s chances of selling a Calder reactor to Japan 
are much better. . . . The Ministry of Supply is con 
sidering use of a Saunders-Roe “Princess” seaplane as a 
test-bed for its atomic plane program. The three proto 
types built have been written off as commercial craft for 
lack of adequate engines, are mothballed at Southamp 
ton. The use of one for ANP studies is felt to be at 
tractive, as the U. K. has been concentrating on seaplane 
design in its nuclear propulsion program. A_ Bristol 
Proteus-755 turboprop might be the powerplant. Rolls 
Royce declined comment on reports it had asked the 
Ministry for use of one flying boat for this purpose 


Priority for Indian U-Plant 





lop priority has been assigned construction of a uranium 
metal plant to make fuel elements for the Canada-India 
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reactor (NU, June ‘56, 23; Feb. ‘57, R11) and for the 
zero-energy research reactor (NU, May '57, 27), both 
now building at Trombay. CIR is to operate by year's 
end, the critical facility in 1958. Officials have con 
firmed that recently-found U and Th deposits 10 ft from 
the surface at Ranchi in Bihar province are 50% larger 
than the Travancore-Cochin deposits and double India’s 
reserves of radioactive minerals. 


Geneva Reactor Again Critical 





rhe U. S.-built Geneva exhibit reactor has at last gone 
critical again in its new Wiirenlingen home near Zurich 
(NU, March ’57, R8). It is now at work as a research 
tool, at a power level of 1 Mw as against the demonstra 
tion power levels of 10-100 kw at Geneva. 


Denmark Buys Third Reactor 


A British Pluto-type (D:O-moderated and -cooled) ma 
terials testing reactor has been ordered by Denmark 
from Head Wrightson Ltd., London, for $4.2-million for 
completion by te 1959. The U. K. will supply en- 
riched reactor for the unit, third reactor for Denmark's 
Risg nuclear center. Two Plutos are nearing completion 
in Britain at Harwell and Dounreay. 





First Baghdad Isotope Class 

The new Baghdad Nuclear Training Center (NU, April 
‘56, 23; May '57, 27) has pene a its first class of 20 
graduate students, five each from the mideastern mem 
bers of the Baghdad Pact: Turkey, Iraq, Iran, Pakistan. 
The present yam intensive course in principles and 
handling of radioisotopes is patterned on the Harwell 
course. Applied research is undertaken by the 8-man 
permanent staff, headed by W. J]. Whitehouse of AEA; 
the center's future activities will be extended to basic 
research after a research reactor has been built. The 
economic committee of the Baghdad Pact has allocated 
$70,000/yr to the Center for operating expenses, to be 
met by the five Pact members (Britain is the fifth). 
The U. K. is also paying all capital expenses. 





Safety Branch Set Up in AEA 





A safety branch to handle all hazards evaluation has 
been set up within the U. K. Atomic Energy Authority. 
Composed of a safety executive committee and a health 
advisory committee, the new group will scrutinize safety 
factors in nuclear development for AEA, advise other 
users of AEA services, and advise government depart 
ments on safety legislation 


East Germany Plans A-Ships, 20 Plants 





About 20 atomic power plants will be built in East Ger 
many by 1970, the E. German Office for Nuclear Re 
search says. Russia had promised help building a first 
100-Mw unit (NU, Aug. ‘56, R11; Nov., R11). And 
the Warnow Shipyard at Warnemiinde on the Baltic is 
said (by Radio East Berlin) to be “continuing prepara 
tory work to make construction of the first nuclear 
powered vessel possible this year.” 


Czechs Mark Progress 





Major construction has been completed at the Czech 
nuclear center near Prague and the buildings are to be 
completed late this summer, ready for installation of the 
Soviet 2-Mw reactor (NU, April ‘56, 19). 
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News in Brief 


ANP Test Facility Contract Let; Another Postponed 

A $6.04-million flight engine test facility at AEC’s Idaho 
reactor testing station will be built by Howard S. Wright 
Construction Co. of Seattle. It will permit testing of 
nuclear engines in conjunction with airframes, — 


crew compartments, and aircraft control systems (NU, 
May '57, 22). The work is to be completed in two 
years. The winning offer, lowest of seven bids, represents 
the largest lump-sum contract ever awarded by AEC’s 
Idaho Operations Office . Bid opening date on the 
Shield Test Pool Facility, another Idaho ANP project, 
was “postponed for an indefinite period to allow 
changes in the invitation.” 


Army Seeks Nuclear Manpower 

Nuclear physicists and “nuclear effects engineers” are 
two of 21 types of scientific specialists being offered 
Regular Army commissions. The military is seeking up 
to 200 outstanding men in critical fields. Apply to the 
Adjutant General, Army Dept., Washington 25, D. C. 


Construction Permits for 17 AGN-201s 

AEC has issued construction permits for 17 Aerojet 
General Nucleonics low-power research reactors, 16 of 
them standard 100-milliwatt units, and one with extra 
shielding and instrumentation for 5 watts 


Southwestern Utilities Organize 

Southwest Atomic Energy Associates has been formed 
by 13 utilities in Arkansas, Kansas, Louisiana, Mississippi, 
Missouri and Oklahoma, spearheaded by Middle South 
Utilities Inc., whose reactor program (NU, Jan. ‘57, R1) 
the group takes over A four-year, $5-million research 
program is planned, to develop a new, advanced reactor 
design that the group could then build and operate com 
petitively in 200—-400-Mw sizes 


ANS Elects 

Leland D. Haworth, director of Brookhaven National 
Laboratory, is the new president of the American Nu 
clear Society. ‘Titus LeClair of Commonwealth Edison 
is vice-president, and Montgomery Schultz of West 
inghouse treasurer 


ANS Pittsburgh Unit Assumes State Role 

The Pittsburgh section of ANS has set up a committee 
on professional licensing to which Pennsylvania has 
given responsibility for preparing and grading exam 
papers for the State professional examination for nuclear 
engineers. 


New Team: Walter Zinn and AMF 

A training reactor for use by universities and industry 
will be designed by Walter H. Zinn’s General Nuclea 
Engineering Corp. and produc ed by AMF Atomics. The 
“Educator,” an improved version of the Argonaut, is 
rated at 10-kw, uses water-graphite moderator and is 
characterized by minimum excess reactivity 


Crane Builds Valve-Test Loop 

A $150,000 stainless-steel test loop for checking reactor 
valves at temperature and pressure has been put in op 
eration by Crane Co. at its Chicago works. It can test 
valves from 4 to 16 in., is operated by a 10 hp canned 
rotor pump. 


Clevite Joins Case Group 

Clevite Corp. became the seventh member of the Case 
Industrial Nuclear Center study group which is planning 
a private research reactor at Cleveland (NU, Feb. °57, 
R12; April, 24). 


Another Expansion at NDA 

A 63-acre tract at Greenburgh, N. Y., will serve subject 
to a zoning change—as a Nuclear Development Co. of 
America research and development center and as its 
new headquarters—third major expansion program in 1% 
years (NU, Feb. ‘56, 16; April, 24; Feb. °57, 131). 
Che present White Plains headquarters building will be- 
come a manufacturing center 


GSA Contract Awards 

Universal Transistor Products Corp. has received a 
$281,800 General Services Administration contract for 
50,000 dosimeter pens and 12,000 dosimeter chargers. 
Victoreen got a $1-million GSA order for portable fall- 
out-monitoring survey instruments. 


Mitchell Resigns as AEC Counsel 


William Mitchell general counsel for AEC since March 
1953, has resigned to return to private life. His deputy, 
Edward Diamond, was named acting general counsel as 


of June L5. 


Pace Sanguine on Fusion 

“We may get some really amazing results” from the 
fusion power program at General Dynamics’ General 
Atomic division (NU, June °57, 17), said GD president 
Frank Pace Jr. The division is doing “extremely attrac- 
tive” fusion research, he said, adding, “If General Dy- 
namics is to know greatness as a corporation, it will 
come through General Atomic division.” The nuclear 
bomber project at Convair division is advancing and will 
materialize “at a time no man can predict,” he said. 


New York Expands Radiation Study 

A committee of experts has been appointed by the New 
York State Industrial Commission to look into the effects 
of radiation in the nuclear industry; amendments in the 
state's protection standards are anticipated. Fields 
being explored include: (1) modification of present lim 
its on radiation exposure; (2) labeling of low radio- 
activity materials such as electronic tubes; (3) registra 
tion of low-hazard installations; and (4) adequacy of 
radiation safety officers’s training and of hazard surveys. 


Godiva-2 Operating 

Following the destruction of Godiva, Los Alamos’ bare 
U™ critical assembly, last February (NU, April ‘57, 
104), an improved successor has been placed in oper 
ation. Temporarily known as Godiva-2, the new device 
was designed specifically as a controlled prompt-critical 
irradiation assembly (unlike Godiva-1, built to study a 
critical assembly and the effects thereon of foreign ma- 
terials ) Instead of being spherical, Godiva-2 looks like 
a beehive—cylindrical with a shallow-domed top. The 
critical mass is in two main sections resembling a piston 
entering a cylinder; three control rods also enter the 
assembly from beneath—two screw-driven, the third 
fired by a pneumatic cylinder. A %e in. dia horizontal 
transfer tube permits firing samples pneumatically 
through the active region. Godiva-2 is a more self 
contained unit, and structurally more rugged, than its 


predecessor 
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Greater Gamma Discrimination, Transistorized and Etched Circuitry 


actually years ahead of its time. 


rimination capabil- needs less current. Reduced power con detector counts neutrons below 0.1 MEV 
printed circuitry umption, plus the ercury cell power 
» reduced power re uppl y affords muctl myer battery life Fast Neutron Detector: VMethane-Argon 
ynly a few of the feature Needs no warm-up time filled, polyethelene lined detector count 
that e the RCL the neutron survey neutrons with energies between 0.1 and 
eter of t rrow Lighter Weight: Fasier to handle. New 15 MEV 
RCL model torized, smaller 
Greater Gamma Discrimination: You gro ize and weight, u le power Power, High Voltage Supply: Two 22'5 
receive ! hundred times the gamma Weighs less than ten pounce volt, 1000 ma-hr Mallory mercury cell 
nabilit vith the RCL Fast- and one |! volt Mallor merceur cell, 
RCL discriminates against Logarithmic Rate Meter: Log read out transistorized oscillator circuit developing 
n up to 100 r/hr; other allows you to read the entire range of the 1500 volt 
nate above 1 r/hr. Instrument on a nyie scale 
Count Rate Meter Circuit: ‘Transistorized 
Completely Transistorized: Oscillator H SPECIFICATIONS three stage amplifier and trigger pair, 
\ Ip} mpletely transistorized, is followed by tank circuit and log scale 
ghter re efficient than a vibrator, Slow Neutron Detector: Enriched BF, electrometer tube 





Radiation Counter Laboratories, Inc., Dept. 177 
* _ 
Radiation Nucleonic Park, Skokie, Illinois 
Gentlemen: Please -end me additional specifications, price quotations, 


and delivery information or RCL's Fast-Slow Neutron Survey Meter 


6 Counter 
ROL Laboratories, Inc. 


penenenenenencecwamenend 
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BACKGROUND 
LESS THAN 1 CPM 


with the 


Tracerlab , 


low-background beta 





counting system 


@ Plateau slope less than 1% per 100 volts 
@ Ultimate sensitivity of 0.05 cpm 


@ Window thickness less than lmg/cm‘ 





Tracerlat vw Low-Background Beta Counting | ww-Ba r d Beta Counting Sy 
System offers the ulti ensitivity for solid i ‘ let i " nt flow counter 
samples of { tl is the first con reury ) ! r ns a dust-tight 
plete beta ntir y Ste offered comme! over W | “ he wer 
cially wit background ¢ I< than one count 


per mit 


This ren hal A i f llow the a 

of sampl 4 ery if) iclivily, For 

instance ‘ i und Beta Counting A detailed 

System off ) ty t irbon-14, a factor of uckground Be 

10 greater p pw How counter ‘ available, Write for illetin CE-14 
sensitivil 


higher ene 


The plat 


me na racerlab : 





continuou 
reprodu ib y 1601 Trapelo Rd., Waltham, Mass 


2030 Wright Ave., Richmond, Calif 


Offices in principal cities throughout the world 
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Carlson's Weekly Stock Lists 
tell you what you want to know: 


@ the Type, Gauge, Width and Length of 
stainless steel plates in stock. 

@ the Type, Gauge and Size of stainless 
steel heads in stock. 


and warehouse dis- 
tributors in this country and Canada who are 


the sales representatives 


ready to serve you. 





¥; )U can save time by checking these weekly stock 
lists. Here is an up-to-the-minute report on our 

diversified stock of stainless steel plates and 
heads that have been produced especially for 
chemical industry applications. 


Carlson plates in Types 304-L, 316-L and 317-L are 
mor more in demand. Substantial stocks of 
these extra-low-carbon grades, along with other 
chromium-nickel Types 302, 304, 309, 309-S, 310, 
316, 317, 321, 347 and 348 are available. Chromium 
405, 410, 430 and 502-14% Mo are always in 
stock. Two precipitation-hardening grades, Types 
17-4 PH* and 17-7 PH*—new plate grades that 
combine ease of fabrication, hardenability, high 
strength and corrosion resistance—are now in pro- 
duction and limited stocks are carried. To complete 
the story, stainless steel heads in Types 304, 304-L, 


large 


and 


grad 


8 O. CARLOW Lc 


Clainlss Stee Exclusively | 
THORNDALE~- PENNSYLVANIA 


District Sales Offices in Principal Cities 
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eep up to date... 


on Stainless Steel 
Plates and Heads 


316 and 316-L are also stocked and can be shipped 
in a few days. 

Make Carlson your one-stop source for that com- 
plete bill of material—stainless steel plates, heads, 
rings, circles, flanges, forgings, bars and sheets 
(No. | Finish). 

When you need stainless plate . . . 

Carlson gives you what you want when you want it! 


*Trade Mark of ARMCO STEEL CORPORATION 


G. O. CARLSON, INC. 
138 Marshalton Road 


Thorndale, Pennsylvania 


Write for your copies of Carlson's Weekly Stock Lists... use this 


convenient coupon. 
Name 

Company: 
Address: 


City: , State 





Series DE Chempump 


Series E Chempump 
Series C Chempump 
. 


Chempump... 


for zero leakage canned pumping! 


Here's a line of canned pumps that have proved them- 
selves in even the most critical nuclear applications... 
handling “hot” and corrosive fluids without leakage 


or contamination and with a minimum of maintenance. 


Che original canned pump, Chempump combines both 
pump and motor into a single leakproof unit. No seals, 
Series T Chempump no stuffing boxes. Bearings are constantly lubricated 


by the pumped fluid itself. 


Chempump is widely used today in reactor research, 
test loop systems and fuel preparation and processing 

in isotope production ... in water treatment and 
waste disposal. Whatever the nature of the fluid— 
volatile, toxic, corrosive, explosive, radioactive, sensi- 
tive—Chempump has long experience in handling it 


without difficulty. 


Che Chempumps shown here are part of the standard 
line. They're available in a wide choice of materials, 
including Monel, Hastelloy B and titanium. Capacities 
range to 250 gpm; heads to 195 feet. Chey handle 
fluids at temperatures to 1000” F. and pressures to 
° §000 psi. Other models can be custom-made to your 


° specifications. 
Series S Chempump 
° For complete details, write to Chempump Corporation, 


* 1300 East Mermaid Lane, Philadelphia 18, Pa. En- 
gineering representatives in over 30 principal cities in 


the United States and Canada. 


Chempumyp . «first in the fleld . . . process proved 
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Loading Face of BNL Research Reactor at 


e008 
000% 
0% 


Brookhaven National Laboratory, Upton, N.Y. 


New Brookhaven fuel element 
gives improved performance 


: | 
Scientists and engineers of the 
en National Laboratory 
fuel ele- 
f advanced design that prom- 
eatly improve the useful- 
the BNL Reactor. 


ceived a reacto! 


new design differs markedly 
used originally when 
the first 
cale research reactor in the 
put into opera- 


ne one 


okhaven 


reactor 
ed state Wa 


1Y5U0 
ginal fuel elements 


iraniun 4 in 
canned 


were 
by 1.1 
in finned 


lugs, 
liameter, 


im tube 


iproved two-foot element. 
ove, is an assembly of three 
which contain highly en- 
3%) uranium-aluminum 


clad in a 
pected to 
advantage 


alloy luminum. It i 


afford these 


ex- 
important 


1. Higher neutron flux 
from the present 5 x 10 


an increase 

upto3x10 

2. Lower total reactor heat output 
reduction fron 


Less cooling air required 
proved 


enriched element 


a 
24 to 20 megawatts 


due to im- 


aerodynamic 


design of the 


Higher fuel burn-up 
U**-up to 40% burn 
elements con 


of contained 
up with enriched 
10% ob 
ent natural uranium 


pared with 
tained with pre 
fuel 
Reduced reactor 
from 385 Kg ec 
fuel to 55 Kg 
With more than eight years’ pio- 
neering experience in the fabrication 
and development of all types of fuel 


inventory of U™- 
ntained in present 


in enriched element 


elements, Sylvania-Corning Nucleat 
chosen to 

hundred test element 
design 
central 


Corp. wa ipply several 
of the new 
talled in the 


pot” of the reactor for 


These were in 
hot 
proving out 

Result 


and Brookhaven ha 


have proven satisfactory 
decided to go 
ahead with the complete replace 
ment based on the 
design. Sylvania-Corning 
Corp. will 


ment 


progran new 
Nuclear 
upply the 5000 fuel ele 
needed 


Whether 


actual operation, o1 


your own reactor 1 in 


merely in the 


planning stage, our scientific and 
taff is ready to assist 
you, too, in achieving improved fuel 
performance. For your file 


booklet on Nuclear 


engineering 


write 
Fuel 


for our 
Elements 


SYLVANIA-CORNING NUCLEAR CORPORATION, Bayside, N. Y. 
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Baw AND ATOMIC ENERGY 


~~. How to Put | « 


— 
em 


We 
TONS OF CONCRETE, poured into this web of wire, will 
form walls of B&W-engineered swimming pool type 
research reactor, 





SUPERCRITICAL pressure steam generator, the world’s ERECTION means smooth flow of components into 
first, saw B&W engineers solve new design, fabrica- place. Here side wall of high pressure, high temper- 


tion, and erection problems ature boiler is prepared for hoisting. 





HERE ARE THE REASONS WHY 
BaW ENGINEERS KNOW... 


Putting a nuclear reactor together is an ex- 
acting engineering task. Research and power 
reactors are designed and fabricated to meet 
specific needs. But design and fabrication 
alone will not assure required operating 
characteristics. It’s the job of the erection 
engineer to precisely assemble components 
into a working system. 

SAFETY AND ECONOMY in assembling and 
testing research reactors and nuclear steam 
generating plants require skill in established 
construction methods, But with this skill, 
there must be combined advanced scientific 
and nuclear engineering techniques. B&W 
erection engineers have already acquired an 
extensive backlog of atomic energy experi- 
ence, and are keeping up with the fast mov- 
ing developments in the peaceful applica- 
tions of this new source of energy. 
LONG EXPERIENCE with high 
vessels for example, has been applied by 
B&W to atomic energy’s similar problems. 
It has been fortified by a continuing, inde- 
pendent program of nuclear research to 
make the Babcock & Wilcox position unique 


pressure 


i Nuclear Reactor Together 


in design, fabrication, and erection for the 
atomic energy field. 


STEP BY STEP, B&W engineers have fol- 
lowed progress in design and fabrication 
with improvements in erection methods, 
New techniques and tools have been de- 
veloped and tested. Alloy welding, radi- 
ography, magnafluxing, and stress relieving 
processes have been adapted to the particular 
needs of erection. 


HIGHLY SKILLED EXPERTS with 
training supervise erection. Precision is 
their watchword and the newest techniques 
are at their finger-tips. Behind them stand 
nearly 100 years of B&W experience and 
the entire chain of specialized BAW engi- 
neering skills. 


COORDINATION of all B&W departments 
assures a Continuity of responsibility in one 
company from planning to starting up oper- 
ations. Write for Bulletin AED-6, “B&W 
Builds a Research Reactor."’ The Babcock & 
Wilcox Company, Atomic Energy Division, 
161 East 42nd Street, New York 17, N. Y. 


special 


ATOMIC 
ENERGY 
DIVISION 


B&w's STORE of high pressure welding experience is 
added to newest welding metallurgy refinements re- 
quired for atomic energy projects, 


KNOTTY erection problems, like hoisting a many-ton 
drurn into position often over 100 feet above ground 
level, are taken in stride by specially trained engineers. 





ANNOUNCING 


Nuclear-Chicago’s new 
radiochemical program 


Offering “Research Quality” radiochemicals 


and a new concept of customer service. 
161 Carbon-14 Compounds in license exempt 50 yc. packages 


156 Carbon-14 package sizes carried in stock 


Guaranteed shipment within 24 hours of order by PREPAID air express 


42 New Carbon-14 Compounds 


Including labelled steroids at high specific activity, low cost 
17 New Sulfur-35 Compounds 


35 New Phosphorus-32 Compounds 


Write for complete Radiochemical Price 
Schedule C listing guaranteed delivery 
and quantity discounts of each com- 
pound. Available also on request, new 
64 page Catalog Q, covering Nuclear- 
Chicago’s newly-designed line of preci- 


sion radiation measuring instruments. 


“gx 


nuclear - chicago 


fw 
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WHAT’S NEW ON 


This U.S.I. booklet gives 
you can use... Send for a copy! 


zirconium 
harply upward, and price downward, interest 
in this new and unique metal is growing rapidly 


day, with production trending 


To answer your questions about zirconium 
and its relative, hafnium, U.S.L. has prepared 
an informative new booklet — “ZIRCONIUM 
and HAFNIUM.” The booklet gives the impor- 
tant facts on these newly available metals... . 
lists important mechanical and physical prop- 
erties of both... describes briefly the new 
semi-continuous sodium reduction process for 
production of zirconium and hafnium. 


You'll find the outstanding corrosion proper 


NDUSTRIAL CHEMICALS CO. 
Division of National Distiliers and Chemical Cors 
99 Park Ave., New York 16,N. Y¥ 


Branches in principal cities 


Please send me a copy of “ZIRCONIUM and HAFNIUM” 
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ZIRCONIUM? 


you information 


ties of zirconium compared with other impor 
tant metals... phase diagrams of twenty binary 
alloy systems ... descriptions of several fabri 
cation techniques. 
You're sure to find “ZIR- 
CONIUM and HAFNIUM” 
valuable in discussions and 
as a preliminary reference. 
For your copy, forward the 
coupon today ... or just send 
your name on your com- 
pany’s letterhead. 


Title 
Company 


Street 





DR. R. D. BENNETT, Vallecitos Atomic Laboratory Manager 
(left), and E. P. LEE, Manager of Plant Operation, view Lab 


General Electric Vallecitos Atomic Laboratory 


PURPOSE OF EXPERIMENTS to be conducted in Develop GENERAL ELECTRIC TEST REACTOR, planned n 
mental Boiling Water Reactor is 1 evelop economic nucl pletion in 1958, i new ncept in reactor design de- 
power. Facility will furni to 5000-kw rbine-gener: eloped by General Electric. This 30,000-kw test reactor 


tor, owned and operated acil & Elec c Company combine feature f f ind pool reactor types 














oratory’s facilities: Radioactive Materials Laboratory opmental Boiling Water Reactor (rear). New General 
(right), Experimental Physics Laboratory (center), Devel Electric Test Reactor (not shown) will be completed in 1958 


will help speed economic nuclear power 


LABORATORY IS NATION’S LARGEST PRIVATE NUCLEAR RESEARCH FACILITY 


Progress in private industry’s determination to re core configurations and fuel loadings. A Nuclear 

duce the cost of nuclear power was made May 22 Test Reactor will also be used for general physics 
the new General Electric Vallecitos Atomi experiments and calibration. 

ratory at Pleasanton, Calif. was dedicated The Developmental Boiling-Water Reactor, to be 

At Vallecitos, advanced research and develop completed later this year, will be used to develop 

important research data on power reactor systems 


f 


nent facilities will be utilized to help accelerate 
ractical application of atomic energy A General Electric Test Reactor (GETR) will 
be added next year to test materials and compo 
nents for the Company’s nuclear projects 
The multi-million dollar Vallecitos Atomic Lab 
oratory represents another significant step taken 
by private industry in developing practical appli 
The Experimental Physics Laboratory contains a cations of atomic energy. Atomic Power E quipment 
assembly which will be used to study reactor Dept., General Electric Co., San Jose, California 


The Radioactive Materials Laboratory will be used 
t tudy irradiation effects on reactor fuels, com 
nd structural materials. These studies will 


improved reactor technology: 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 





NOW AMF ANNOUNCES 
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a new training reactor—the AMF-GNE Educator 


AMF ATOMICS, the world’s leader in 
research reactor design and construction, 
has joined forces with Dr. Walter H. Zinn 
and his General Nuclear Engineering Corpo- 
ration to provide a new and improved ver- 
sion of the Argonaut-type training reactor. 


EDUCATOR TRAINING REACTOR 


TYPE 
Thermal heterogeneous 


POWER 
Operating power 10 KW 
thermal, continuous 


FLUX 
At center 10** neutrons/sq 
cm/sec 


FUEL 
Uranium-aluminum alloy 
arranged in 24 bundles and 
containing approximately 
3.8 kg of U-235 in 20% 
enriched fuel 


MODERATOR 
Graphite and light water 


CORE 
5 ft. x 5 ft. x 4 ft. rectangular 
prism of graphite containing 
6 light-water-filled aluminum 
fuel boxes 


COOLANT 
Light water pumped into fuel 
boxes with gravity feed to heat 
exchanger and storage tank 


CONTROL 
4 swinging-arm type blades 
Light water moderator quick dump 


SHIELDING 
5 ft. concrete block 


i AMF ATOMICS 


A Division of AMERICAN MACHINE & FOUNDRY COMPANY * Reactor Control Systems 
AMF Building « 261 Madison Ave. + New York 16, N. Y. © Radio-active Material Handling Equipment 
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This new AMF-GNE Training Reactor offers universities and 
educational systems everywhere a low-cost facility that is both un 
usually safe and highly flexible in application. Experience-dictated 
modifications and improvements made on the Argonaut-type de- 
sign by General Nuclear Engineering Corporation, coupled with 
the reactor engineering and construction experience of AMF, has 
made the Educator the most advanced of all reactors for university 
training 


Essentially a water-and graphite moderated, graphite reflected 
reactor, the Educator has been designed for graduate and under 
graduate studies and industrial training. It offers a comprehensive 
facility for training in reactor physics and engineering, as well as 
in nuclear physics, radiochemistry, radiobiology, and related fields. 


Safety — Since the reactor is designed to operate at the low power 
level of 10 kw, there is a minimum of excess reactivity, and the 
amount of contained fission products is small. ‘I here is no credible 
way in which the fission products can escape the fuel elements, 
Ihe reactor is, therefore, perfectly suited for a university campus 
installation 

Since the core is based upon the design developed in the Borax 
experiments, the reactor is inherently safe, Proper control of the 
fuel loading of the reactor is all that is necessary to insure that no 
accidental mismanagement will result in the release of fission prod 
ucts from the fuel plates. 


Low Cost —The simplicity and small size of the Educator permits 
installation in an existing building, without requiring any other 
construction. Generally speaking, campus locations should be 
possible, and the reactor itself is highly adaptable to a variety of 
installation requirements, 


Versatility—The AMF-GNE Educator is designed for continuous 
operation at 10 kw, giving a thermal neutron flux of 10" neutrons 
per sq.cm/sec. Horizontal and vertical thimbles, a thermal column, 
and a large water tank providing flexible irradiation space are 
features of the installation. Possible experiments include control 
rod calibration, neutron optics, neutron flux determination, chem 
ical analysis by activation, irradiation of biological materials, and 
a wide range of other reactor and irradiation studies 


Assistance Program—In addition to the actual manufacture and 
installation of the reactor, AMF and GNE can assist in any or 
all phases of your nuclear energy training program, including: 
Site investigation 
Preparation of hazards summary report 
(pplication for license, grants, fuel processing 
and fabrication 
Reactor start-up, calibration, and test 
. Operator training at an existing facility 
6. Suggested reactor experiments 
7. Safety and health physics program 
If you are now, or plan soon to be, engaged in nuclear physics 
and enginecring training, be sure to discuss your plans with AMF 
ATOMICS. You'll find AMF's unequalled reactor experience the 
pertect partner to your program. For more information on any 
phase of AMF’s complete nuclear reactor facilities, from design 
through operation and training, write us today. 


© Power and Research Reactors 


® Radiation Process Equipment 
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..unique properties valuable 
for a wide range of applications. 


Voce 

_~\\ Sp 

\ 4 oa My r | UGHT WEIGHT—1.84 gr /cc 
4 : ‘ ; = : » 


HIGH STRENGTH—80,000 psi (@ 70° F. 
(EXTRUDED) —45,000 psi @ 900° F. 


>," 
ah 


HIGH MODULUS—44.3 x 10° psi. 
HIGH MELTING POINT—2340" F. 


CORROSION RESISTANCE—to air, water and 
liquid metals 


GOOD MACHINABILITY 
GOOD THERMAL PROPERTIES 


LOW NEUTRON-CAPTURE X-SECTION 





HIGH NEUTRON-SCATTER X-SECTION 


6000 pounds of QMV Brand Beryllium 

Metal machined to close tolerance for 

reflector area of the Materials Testing 

Reactor, Arco, Idaho 
0.6 GRAMS of high purity 
QMV Brand Beryllium, 
per piece, machined to tol 
erance of +.0002” per 
in. These pieces are used 
in missile control systems 


Pure Beryllium Metal has a wide range of uses in Nuclear Energy applications. Investigations now in progress show 
potential uses as structural members for airframe applications and airborne guidance devices 


. y. onl bf Seryllium 


BERYLLIUM-COPPER PURE BERYLLIUM METAL 


BERYLLIUM MASTER ALLOYS QMV 
BERYLLIUM OXIDE ~a BRAND 











THE BRUSH BERYLLIUM COMPANY, 4301 PERKINS AVE., CLEVELAND 3, OHIO 
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9836-D operating in the lin- 


ear servo channel of the 
Penn State Reactor (PSR). 


L&N 18-RANGE MICRO-MICROAMMETER 
Follows Flux levels from start-up to scram 


This micro-microammeter has been developed for 
phototube and ionization chamber measurements by 
L&N engineers who are intimately associated with 
the measurement and control needs of the nuclear 
technologist. With its 18-position range selector 
switch (maximum switching capacity for a unit of 
this type) the instrument makes an ideal power-level 
indicator in the linear servo channel of a research or 
power reactor. The operator simply changes range as 
power level increases. 

Readings are highly accurate because they’re stabi 
lized for zero and gain by a combination of a-c ampli 
fication and null-balance feedback circuitry. The a-c 
amplification stabilizes zero; feedback stabilizes gain 
Trimmer controls are unnecessary 

For installation flexibility the micro-microammeter 
is supplied in two models. The 9836-D operates man 
ually from the reactor control panel; 9836-E includes 
a bi-directional Ledex mechanism actuated from a 
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range selection switch at a remote location 
Accuracy of amplifier For 1 megohm or greater 
source resistance, +0.5% of the reading +2 x 10°" 
amp. For source resistance 0.1 to 1 megohm, +0.8%, 
of the reading +2 x 10-!! amp. 

Sensitivity of meter 


Response to within 1% balance On most sensi- 
tive setting, less than 1.5 seconds at 1 megohm mini- 
mum source resistance, On all other ranges, leas than 
1.8 seconds at 1 megohm minimum source resistance 
On all ranges, less than 2 seconds at 0.5 to 1 megohm 


0.5%, of scale span 


Get complete details from your L&N Field 
Office or write for Data Sheet E-03(1) to Leeds & 
Northrup Co., 4936 Stenton Ave., Phila. 44, Pa 


fet 
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LEEDS — NORTHRUP 


Automatic Controls « Furnaces 


Instruments 





There is a 
Purolator filter 
for every 

S Nuclear application 


The filtration requirements of the nuclear 
field cannot be filled by a limited range of 
stock filters. To meet these requirements, 
this is what Purolator has to offer... 


Purolator can completely design and con- 
struct all types of special filters, separators, 
strainers and pressure vessels for: gaseous 
diffusion, filtration or separation of gases and 
liquids ; removal of solids from gases or liquids 
or any combinations of these ... whether the 
materials requiring filtration are alkaline, 
corrosive, or at very high or low temperatures. 

The widest possible range of operating con- 
ditions can be handled by Purolator filters. 
Specifically : 

TEMPERATURE: from —420 to 1200° F. 
PRESSURE: from a nearly perfect vacuum to 
6000 p.s.i. 

RATE OF FLOW: from drop by drop to thousands 
of gpm. 

DEGREES OF FILTRATION: from submicronic to 
700 microns in various media. 

This unequalled range of operating condi- 
tions is possible because Purolator can con- 
struct the filter and elements of fibers, fabrics, 
plastics, stainless steel, monel, nickel, inconel, 
silver, gold, platinum, palladium and any other 
metal or alloy as required. Purolator filter ele- 
ments have these exclusive characteristics. 
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SEAL WATER 
COOLER | | CLEAN WATER 
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STORAGE TANK 


EFFLUENT 
FILTERS 
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SEAL WATER 
PUMPS 


TO CONTROL 
ROD DRIVE *— 


GREAT SURFACE AREA per unit of volumetric 
space. 

CONTROLLED PORE SIZE: from submicronic to 
700 microns dependent upon media. 

HIGH PERMEABILITY 

HIGH DEGREE OF DUCTILITY 

THIN WALL: providing easier cleaning and 
decreased differential pressures. 


al 
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This convoluted section makes it possible to squeeze 
6 square feet of effective filtration area into a filter 
element 314” in diameter by 18” in length. 
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This power prod ng reactor is typical of the applications for which Purolator builds filters 











FUSED SEAMS: Purolator uses an exclusive knowledge of how to use them to solve your 
(patent applied for) process of fusing com- problems. Purolator’s leadership in the devel- 
ponent parts with the same materials used as opment of filtration systems for industry 
filter media. This eliminates faults inherent provides a background of engineering and 
in welding (carbide precipitation, internal manufacturing capabilities that is unequalled. 










stresses, etc.). The statement, “Filtration for Every Known 
It’s obvious that these developments by Fluid,” is based on solid fact. Evaluate Puro- 
Purolator are of unequalled value to the nu- _lator filtration. Ask Purolator to solve your 





clear field. Just as important is Purolator’s toughest filtration problem. 







Filtration For Every Known Fluid 


PUROLATOR 


PRODUCTS, INC. 


RAHWAY, NEW JEREEY AND TORONTO, ONTARIO, CANADA‘ 






Sjarshaw 


SODIUM IODIDE (Thallium) SCINTILLATION CRYSTALS 


for Gamma Radiation Detection Instruments 


“Harshaw Quality’’. . . inherent in each Harshaw-made crystal 
The high purity, clarity, and proper activation of Harshaw 
Crystals are a natural result of our long pioneering experience 
in the delicate art of crystal growing 

Harshaw Purity means light absorbing impurities are 


reduced to infinitesimal traces. 


Harshaw Clarity gives highest possible transmission of the 
crystal’s own emitted light. 


Harshaw Activation means the optimum thallium concen- 
tration ensuring maximum energy conversion. 


Our crystals are normally supplied hermetically sealed in 
aluminum containers engineered to secure maximum light 
collection. We will custom design these units to fit your spe- 
cific requirements. Harshaw crystals are currently used in 
nuclear physics research, well logging, uranium prospecting, 
medical research, and industrial process and product control. 


No need to specify ‘““Harshaw Quality’’. . . you get it auto- 
matically when you order Harshaw Crystals. We encourage 
requests for technical assistance. Prices, specifications, or 
other information will be sent in answer to your inquiry. 


PES as — ‘ 
i SORES a 


OTHER HARSHAW SCINTILLATION CRYSTALS AVAILABLE IN THE FOLLOWING FORMS: 


Potassium lodide (Ti) * Cesium lodide (Ti) «* Cesium Bromide (TI) 
Anthracene «+ Stilbene * Naphthalene 
Lithium lodide (Eu) for neutron detection «+ Sodium lodide (rough cut blanks) 


THE HARSHAW CHEMICAL CO. 


1945 EAST 97TH STREET . CLEVELAND 6, OHIO 
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Baw TUBULAR PRODUCTS 
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In nuclear applications there are many and various 
conditions which tubular products must meet. These 
problems may involve the metal of which the tube 
is produced, the dimensional accuracy of the tube, 
its uniformity and soundness, its surface finish and 
cleanliness or the ease with which it can be further 
fabricated. 

Supplying tubular products for nuclear applications 
since its beginnings, and for all phases—from the 
refining and production of fissionable materials, 
through the generation of energy by various types 
of reactors and other uses of fissionable materials— 
has given B&W engineers the background to cope 
with practically any set of circumstances. 


That is why B&W Tubular Products of such mate- 
rials as zirconium down through the standard and 


special stainless and alloy steels and carbon steels 
have found wide use in heat exchangers, piping and 
structural and mechanical parts. A call to Mr. Tubes, 
your nearby B&W tube representative can help solve 
your tubular problems in the nuclear field. The 
Babcock & Wilcox Company, Tubular Products 
Division, Beaver Falls, Pa. 

TA.7017-PNI 


Seamless and welded tubular products, seamless welding fittings and forged steel flanges —in carbon, alloy, and stainless steels. 





NUCLEONICS September Anniversary Issue 


From a laboratory phenomenon to a mushrooming in- 
dustry in little over ten years is the unrivalled success story 
of our time NUCLEAR industry . . . it is also the 
story of NUCLEONICS Magazine, whose growth has paced 
this expanding market 

In physical composition, the NUCLEAR industry is 
unlike any other . . . its people represent every known 
science and branch of engineering. And although they have 
widely varying backgrounds they display a common char- 
acteristic: a dependence on NUCLEONICS for news of 


important developments in products, services and tech- 
niques . . . information tailored to their specialized needs. 


When NUCLEONICS was first published, in September 
1947, these industry pioneers numbered only a handful. 
Today, in comparison, there are almost 16,000 paid sub- 


scribers to NUCLEONICS. Here is the audience your 
advertising must reach — the men who influenced the pur- 
chasing of nuclear products and services in 1956 .. . and 
who will exert a greater influence in 1957. 


These readers will devote more than their usual amount 
of time to NUCLEONICS’ September 10th Anniversary 
Issue . . . because it will tell the story of their personal ac- 
complishments over the past 10 years . . . and will point 
up the promise of the next decade. 

NUCLEONICS is a habit with important industry people 

. @ long standing habit! 

Check your schedule. Be sure September NUCLEONICS 
is included, (Forms Close: August 8th) 

Research Report #81 contains new information about the 
NUCLEONICS Reader. Send for your copy. 


NUCLEON ICS A McGraw-Hill Publication, 330 West 42nd Street, New York 36, N.Y. ABP 
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2 to 10 Mev Linear Accelerator 


New Arco Western Service Irradiation Center for 


research and product development 
pilot scale studies 


limited commercial processing 


Now Arco offers you a « ompletely equipped serv 
ice center for experimental or pilot plant irradia- 
tion. Heart of the new Arco facility isa powerful 
Arco Mark 1-F4 linear accelerator providing a 
convenient, inexpensive-to-use source of X-ray, 
electron or neutron radiation. The Irradiation 
Center is available for single projects or continu 
ing irradiation programs. Your technical person 
nel may plan, conduct and evaluate their own ir- 
radiation program ; our staff assists as desired. Or, 
samples may be shipped to Arco for irradiation to 


specification and returned to you for evaluation 


Briefly, these are facilities Arco offers: 


Electron Beam Energy > to 10 Mev 


Electron Beam Powe: 
Dose Rate 
Average Beam Current 
Peak Beam Current 
Beam Pulse Length 
Pulse Repetition Rates 
Scan Width 
Maximum Electron Penetration 
(+ 20% dose variation) 
One side 
Cross-firing 
Maximum X-ray Penetration from 
one side (+ 20% dose variation) 
Maximum X-ray Intensity (at 18” ) 
Maximum X-ray Beam Power 
(6 Mev electrons) 
Maximum Total Neutron 
Production 
Maximum Thermal! Neutron 
Production 


Chemical laboratory, vacuum line, 
industrial gases, machine shop 


Variable to 4 Kw 


Variable to 1.6 x 10°r/min. 


700 pa 
200 ma 
10 psec 
1 to 360/se 


4 to 18 inches 


4 om water 
8&8 cm water 


20 cm 


1.6 x 10°r/her 


700 watts 


1 x 10°'/sex 


5 x 10°/cm* /sec 


dosimeters, 


New brochure describing Service 
Center facilities sent on request. 


New Arco Irradiation Center is at Walnut Creek, 
California, 25 miles from San Francisco. 


APPLIED RADIATION CORPORATION 
Wolnut Creek, California, U. $. A. 
Cable “ARCO” YEliowstone 5-2250 
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Tue fuel.propellant of the future may prove to be an inor- 
ganic material, with metallic properties, capable of releasing 
tremendous heat burning capacity. Such an inorganometallic 
will likely contain a compound of lithium. For lithium offers 
uniquely valuable properties . . . properties that aid in con- 
tributing an unusually high power-to-weight ratio so neces- 
sary for military missiles and rockets. 


Lithium, for example, combines low density with high heat of 
combustion to give a much sought after ratio of extraordi- 
nary chemical energy per unit of weight. On this score alone 
it proves of inestimable value. 


Will these properties improve your product? 


. low density ... high flash point 

. high heat capacity ... easily cut with a knife 

. high heat of fusion ... ductile, can be extruded and rolled 

. chemically reactive ... readily melted or cast 

. low melting point’... lighter than magnesium or aluminum 
... can be dispersed in suitable media 


Consult our PR&D department on your use-research problems. Up-to-date 
Product Data Sheets plus laboratory quantities of lithium metal, metal dis- 
persions, metal derivatives and salts are yours for the asking. 


... trends ahead in industrial applications for lithium WA UTHIUM CORPORATION 
OF AMERICA, INC. 


2595 RAND TOWER, MINNEAPOLIS 2, MINN. 


PROCESSORS OF LITHIUM METAL « METAL DISPERSIONS BRANCH SALES OFFICES: New York « Chicago « Bessemer City, N.C. 
METAL DERIVATIVES: Amide* Hydride MINES: Keystone, Custer, Hill City, South Dakota + Bessemer City, N.C. 
SALTS: Bromide « Carbonate « Chioride « Hydroxides Nitrate Cat Lake, Manitoba + Amos Area, Quebec 


SPECIAL COMPOUNDS : Aluminate « Borate « Borosilicate « Cobaitites Manganite PLANTS: St. Louis Park, Minnesota « Bessemer City, N.C, 
Molybdate « Silicate « Titanate « Zirconate« Zirconium Silicate RESEARCH LABORATORY: St. Louis Park, Minnesota 
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Setup for 1500° F 
creep test proves... 


Inconel “X” 
withstands sustained 
high temperature 
and stress 


What alloys creep the least when 
exposed to continued high heat and 
corrosion? 


To find out, metallurgists use the 
setup shown. They grip one end of 
the alloy specimen (A) with a fixed 
rod (B’), grip the other with a 
loaded rod (B”) free to move. To 
measure creep, they periodically 
gauge separation between collars (C) 
set-screwed to specimen. During the 
run (often months or years) tem- 
perature is carefully controlled. 


Hard on specimens... harder on 
the grips and collars 


In the test, the alloy used for grips 
and collars acts as a “gentleman’s 
gentleman”... stays with the speci- 
men till failure. Then does it again 
and again with specimen after speci- 
men. 


In the 1200° 1500°F range, 
Inconel “X’’* age-hardenable nickel- 
chromium alloy is widely used for 
these grips and collars. 


Endurance of alloy leads to its 
use for nuclear equipment 


Wherever highly stressed struc- 
turals must function up to 1500°F, 
Inconel “*X” alloy is often specified. It 
provides 100-hour rupture strength 
as high as 29,000 psi at 1500°F. It 
also offers outstanding structural, 
mechanical and chemical stability; 
excellent spring properties at tem- 
peratures up to 1000°F ; high resist- 
ance to galling and abrasion; low 
coefficient of expansion; low creep. 


Get a complete rundown on Inconel 
“X” alloy, its properties and use. 
Write for 79-page Inco booklet, “In- 
conel ‘X’,” 


The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y. 





Does Inco make other low-creep 
high-strength heat-resisting alloys? 


Yes! Other excellent Inco Nickel Alloys 
are produced, Still others are in re 
search. inco’s Development and Re 
search Division will be giad to advise 
on the use of these alloys. Just write 


* Registered trademark 
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IN 0 Nickel Alloys 


Inconel “X” 


for long stress-rupture life 
at high temperatures. 
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NRE TEER 


‘Characteristics of EBWR 


Location: 


Architect-engineer: 
Major suppliers: 


On line: 


Output 


electrical: 


ALC 


Argonne National Lab. (ANL), Lemont, Ill. (operated by 
Univ. of Chicago for 

Sargent and Lundy 

ANL (fuel elements, core structure, control rods, control 


rod drives, fuel handling equipment) 
Allis-Chalmers (turbo-generator, condenser, main pumps, 
transformer and switchgear) 
Babcock & Wilcox (pressure vessel, steam dryer) 
Graver Tank & Mfg Co. (containment shell) 


Decembe 
20,000 kw 
4,500 kw 


heat: 


~ Component Design Data 


Pressure vessel 
Inside height: 
Inside diameter: 
Wall thickness: 
Composition: 
Cladding: 

material: 

thickness: 
Design pressure: 
Test pressure: 


Core 
Configuration: 
Size: 
bottom: 
top: 

[) 245. 
U2 


Location * 
Fuel load 


Composition 
water: 
uranium: 
Zircaloy: 
niobium: 


Control rods 


Configuration: 
Number 

hafnium: 

boron steel 
Composition 

boron steel: 
Total rod worth: 
Absorber length: 
Follower length: 
Follower material: 
Weight 

Hf rod 

B rod 
Withdrawal rate: 
Avg. scram time: 


23 ft 
7 ft : 
2.25 in. 


carbon steel 


stainless steel (304) 
0.109 in 

800 psig 

1,200 psig 


right cylinder 
4 ft dia x 4 ft 
10.3 ft 

14.3 ft 

76.4 kg 
5,594.2 kg 


65.3 vol % 
18.6 vol % 
15.4 vol % 


0.7 volY 


cruciform 


2 wt™% Bin 304 8S 
13% ASk/k 

46 in. 

129.5 in 

Zircaloy-2 


97 Ib 

141 Ib 

28 in./min 
0.35 sec 


Control rod drives 


Type: 
Number: 
Power 
Motor rating 
Position-indicator 
accuracy: 
Fuel elements 
Type: 
Number 
enriched 
natural 
Enrichment: 
Plates per element: 


* Above bottom of vessel, along center- 


lead screw and nut 
y 

140 v, 3@ 

68 rpm, 44 hp 


+ 0.025 in. 


plate 


106 
Ss 
1.44% 
6 


29, 1956 


Meat dimensions 
| thin plate: 
thick plate: 
Meat composition 
U: 
Zr 
Nb: 
Cladding: 
Plate temp.—-avg: 
max: 


51 & 3.31 K O.172in. 
51 K 3.31 K 0.240in. 


93.5 wt% 
5.0 wt 
15 wt% 
Zircaloy-2 
497° F 
645° F 


Nuclear Design Data 


Moderator 
Type: 
Average neutron 
energy : 
Thermal flux 
avg.: 
max 
Prompt-neutron 
lifetime: 
iff. delayed- 


neutron fraction: 


Over-all temp 
coefficient : 


light water 
0.046 ev 


1.0 * 10! n/em?/sec 
2.4 & 10'*? n/em?/see 


6.26 K 10°° see 
0.0085 


19 kK 1* 


Control requirement 
1.5% Ak/k 
2.2% Sk/k 


Burnup 

Equilibrium xenon 

Equilibrium 
samarium 

Temp. coefficient 

Voids: 

Total 


0.75% Sk/k 
0.65% Sk/k 
2.0% Sk/k 
7.1% Ak/k (~ $10) 


Coolant 

Type: 

Height* 
nonboiling 
boiling: 

Total volume: 

Volume in core 

Inlet flow 

Inlet temperature: 


Operating pressure: 
Outlet steam temp.: 


Outlet steam flow 
Recirculation rate 


Heat flux 


Max /avg ratio 

axial 

racial 
average 
maximum 
burnout: 


Core 


light water 


11.9 ft 

2.4 ft 

955 liters 

700 liters 

120 gpm 

110° F 

600 psig 

488° F 

60,600 Ib/br 

63 Ib/Ib of steam 


1.49 
1.58 
45,500 Btu /hr /ft? 
141,000 Btu /hr /ft* 
750,000 Btu /hr /ft* 
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Description of EBWR 


The Experimental Boiling Water Reactor (EBWR) 
is a heterogeneous, direct-boiling, natural-circula- 
tion nuclear power plant designed to acquire infor- 
mation on the uncertainties associated with direct 


reactor-turbine coupling. Prominent among these 
uncertainties are radioactivity carryover, reactiv- 
ity-feed-back effects, corrosion, erosion, leakage 
and feed-water quality control. 

The EBWH is not optimized to produce economic 
electricity, Rather, it is a flexible experimental 
tool intended to provide as much information as 
possible for designing future central-station power 
plants. For example, the 4-ft-diameter core can 
be increased to 5 ft, fuel elements of different dimen- 
sions permit changing the water-to-uranium ratio 
to study the influence of steam-void coefficient of 
reactivity on reactor stability, and two different en- 
richments of uranium permit the critical size and 
power-distribution pattern to be varied. 

Later, forced circulation will be employed to in- 
crease the power output and to study its effect on 
reactor stability. In addition, it is planned to re- 
place the present core with one for use with a 
heavy-water moderator, 


Pressure Vessel and Shielding 


The pressure vessel consists of an upper ring 
forging; a two-course, rolled-plate shell; and a spun- 
plate lower head, A flat cover plate is held in place 
against the two sealing gaskets by 44 bolt studs 
screwed into the ring forging. The over-all vessel 
length is SO ft tty in.; dry weight (including ther- 
mal and shock shields and cover plate) is approxi- 
mately 65 tons 

The pressure vessel is surrounded by 3 in, of 
stainless steel-wool insulation, a 3-in, air space and 
a carbon steel tank, The tank has cooling coils on 
ite outer surface and is surrounded by lead brick 
and « plaster containing ferroboron as part of the 
fine aggregate. The space between the plaster and 
the concrete octagonal shell that surrounds the re- 
actor is filled with magnetite conerete with steel 
punchings intermixed, plain magnetite concrete, or 
ordinary conerete, depending on the radiation in- 
tensity. ‘Total shield thickness is 8 ft 34g in, 

The shielding below the pressure vessel is mag- 
netite-steel-punching conerete with the addition of 
layers of lead and ferroboron plaster in critical 
areas, The perforations for the nine control-rod- 
drive thimbles and the four discharge nozzles for 
future forced circulation are stepped to prevent 
direct radiation streaming. 

At the top of the reactor, shielding is provided 
by the stainless steel indexing plug assembly, the 
pressure vessel cover and a portable water tank. 
The space surrounding the vessel-support lugs, in- 


dexing-plug assembly and vessel cover is partially 
oecupied by  magnetite-steel-punching-concrete 
blocks, steel plates and a container of lead pellets, 


Reactor Core Structure 


The structural components of the core are the 
control-rod guide, top shroud structure and the 
core support plate and legs, 

The control-rod guide is fabricated in two sec- 
tions. The lower section, being in the active core 
region, is constructed of ‘'¢-in. Zircaloy-2 sheet 
angles 60 in. high. The upper section is con- 
structed of ‘4-in. type 304 stainless steel sheet 
angles 47 in. high. The use of angle shapes results 
in an easily assembled structure that divides the 
core into cells with cross-shaped control rod guide 
channels at the corners of four adjacent cells, 

The top shroud structure fits around, and is 
riveted to, the upper section of the rod guide. — It 
is constructed of '4-in. type 304 stainless steel sheet 
$4 in. high. The bottom of the shroud is on a level 
with the bottom of the rod-guide upper section. 

The core support plate is a type 304 stainless 
steel forging 5 ft in diameter, 53q in. thick. The 
plate contains 9 cross-shaped control-rod slots and 
148 fuel assembly location holes. It also contains 
forty 7(4-in.-dia tapped holes for bolting the con- 
trol rod guide to the support plate. 


Control Rods 


The 5 hafnium-Zircaloy rods are fabricated from 
\fg-in. sheet bent into angles and spot-welded to- 
gether to form a 10-in. by 10-in. cruciform. The 
boron-steel absorber section of the 4 rods of this 
type are fabricated from '¢-in, sheet. The Zire- 
aloy-2 follower section of this type rod is fabricated 
from ‘4 ¢-in. sheet, as before, with a ‘¢-in. Zire- 
aloy-2 filler plate to bring the total thickness up 
to that of the absorber section ('4 In.) 

The purpose ol the Zircaloy-2 follower section in 
each type of control rod is to fill the rod guide with 
a material of low absorption cross section when 


the absorber section is withdrawn from the core 


Control-Rod Drive Mechanism 


All operating parts of the nine control-rod drive 
mechanisms are external to the reactor vessel, The 
main components of this drive are the connector 
and seal assembly, main housing assembly, drive 
motor and shaft assembly and position indicator 

The connection between the control rod and the 
lead screw is made in the connector seal assembly 
by a chrome-plated stainless steel extension rod 
through a pressure-breakdown controlled-leakage 
seal, Seal leakage is replaced by 110° F feedwater 
through the connection on the reactor thimble just 
above the flange. The extension rod is connected 
to the control rod by a bayonet-type joint. 

The main housing assembly contains the lead 
screw, latch carriage and dashpot. The SAK 660 
bronze latch carriage is a platform for the roller 
lateh, latch magnet and latch-indicating switch 





The carriage is driven by the 1 '4-in. acme-thread 
SAE 4340 steel lead screw 

When the rod is released from the carriage (as in 
a scram), the drive motor automatically returns the 
carriage to pick up the rod. Torque is transmitted 
from the motor to the three-way angle drive shaft 
attached to the lead screw by an adjustable clutch 
and universal-joint tube. 

Position indication is achieved through a syn- 
chro transmitter and receiver, with the transmitter 
being driven by the lead screw through a 50:1 high- 
precision reduction gear. 


Fuel Assembly 

The fuel assembly consists of a lower locating end 
fitting, six fuel plates, two side plates and a top fuel- 
handling fitting. The locating end fitting is ma- 
chined out of a stainless steel tube with a 37¢-in. 
o.d, The fuel plate is fabricated in two thick- 
nesses. One type is 54 in. long, 3% in. wide and 
0.212 in. thick. The other type has the same 
length and width but is 0.280 in. thick. 

The side plates are constructed from Zircaloy-2 
sheets. They are perforated to provide a low ten- 
sile strength without necessitating making them so 
thin that welding to the fuel plates would be diffi- 
cult. A low tensile strength is desirable to permit 
possible radiation-damage growth and/or differ- 
ential thermal expansion of the fuel plates to be 
absorbed by the assembly with the minimum of 
restraint on the fuel plate. 

The fuel-handling fitting is constructed of '¢-in 
stainless steel sheet. The cutout flaps extending 
from the sides of the fitting form springs to space 
the assemblies uniformly in relation to each other 


and to the control-rod guide 


Safety Features 


The entire power plant as described thus far is 
housed within a cylindrical steel shell having an 
ellipsoidal bottom and a hemispherical top. The 
shell is 8O ft in diameter and 119 ft high, with 
about one-half the height below ground level. It 
is lined with concrete up to a steel-plate-and-con- 
crete ceiling under the dome, 

To prevent excessive pressure buildup in the 
shell because of steam release, a spray system has 
been provided to spray water into all parts of the 
shell to condense any steam released. The system 
is supplied from a 15,000-gal tank located in the 
dome above the ceiling. 

The reactor structure is designed to prevent a 
catastrophe in the event of an explosive zirconium- 
water reaction within the core. The shock pres- 
sures developed would cause the bottom head of 
the vessel to blow, together with the bottom shield- 
ing, into the basement. The large upward forces 
developed would be restrained by the three hold- 
down beams across the top of the reactor. Lami- 
nated blast shields of compressible material and 
steel are interposed between the reactor and the 
columns (in vicinity of the core) to protect the lat- 
ter from side shear. 
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Six-plate fuel assemblies are 77°, in. long, 3%; in. square. Zircaloy-2 cladding dimensions are 
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EBWR 
Operating Experience 


What Snow was on the ground when the Experimental Boiling Water Reactor first 
generated electric power to serve the needs of Argonne National Laboratory 
Happened where it was built. Since that day in late December EBWR has run at full 
p.60 power much of the time, generating in excess of 5,000 Mwh total. The 
operating experience gained in these first months is detailed by Joseph Harrer, 
leader of the EBWR project, in an article beginning on p. 60. In brief the 
operating experience has been good . the plant has proved stable and 
reliable 


Much attention centers on the cost of the power that EBWR generates 
e ou H tl I | 7 | hel h 
ere the recognition that it 18 primarily an experimental reactor helps take 
Costs? 


the sting out of the fact that a straightforward assignment of capital and 
p.58 operating costs leads to a figure of 52 mills/kwh. Coincidentally, this cost 
figure is identical with that expected for initial operation of the Shippingport 
Pressurized Water Reactor (NU, Jan. '57, p. 14). In both cases cost figures 


will decrease radically with improved design and higher-power operation 


What the EBWR operating experience means for the nuclear power industry 
| J | 
Means in general and boiling-water reactors in particular is summarized in the article 


beginning on p.54. This commentary, based in part on interviews with EBWR 
p.54 project members, reveals that the problem of matching steam demand has been 
met and that only a better understanding of resonance instabilities stands in 


the way of complete assurance about this reactor type 
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Significance of EBWR 


EBWR experience has already answered many questions of feasibility 


for boiling-water reactors and for reactor power plants in general. 


The question of resonance instability, however, still remains 


«a - 

: _ 
EBWR MODEL is William Kann of 
Argonne National Laboratory at the technical briefing session 
on EBWR held in May for participants in AEC power program 


explained to visitor by 


way € 


NORMAN HILBERRY, director of Argonne, and Joseph Harrer 
(left) discuss EBWR model. Hoarrer is leader of EBWR project 
and author of article on p. 60 about EBWR experience 


54 


Kk BWR first began full power operation December 29 


1956 Since that time the peopl who designed and built 


it have had a chance to observe just what sort of beast 


they have create rheir conclusions were recently made 
it an unclassified technical 
National 


ittended by 250 international 


known with appropriate pride 


information meeting, sponsored by Argonne 


Laborator and repre- 
sentatives of civi in atom 
cluded these 


ek} BWR can produc electricity on a basis that would 


powe! Their findings in- 


significant points 
satisiy normal utility operating practices 

ek BWR has proven that boiling-water reactors can 
produce stable power under a varying demand load 

©Turbine contamination in a direct steam cycle appears 
80 far not to be a wort 

eThe major concern of the boiling-water reactor concept 
today is 


prove to be an inherent characteristic 


the pos ibility that resonance instability may 


Power-Plant Operation 


Norman Hilberr 
up the feeling of the staff about EBWR operating experi- 


director of the laboratory, summed 


ence in his opening remarks on the morning of May 27 

The reactor itself behaves beautifully It’s the plumbing 
and standard equipment that gives us the headaches 
Ek BWR has not 
culties All the 


leaks in the containment shell and tube failures in standard 


far run into any major operational difh 


troubles have been with things like air 
electronic chassis 

To date the reactor has manufactured a total of 5,000 
Mwh of electricity 
full powel (5 Mw 
ANL with a sub 
needs during the day 


most of this during extended runs at 
electric EBWR regularly 
tantial part of the 
ind can take over the full load at 


In periorming this service the reactor plant oper- 


supplies 


laboratory's power 


night 
ates in parallel with a local utility network and uses stand- 
ard electric power oper 

The EBWR experience is significant in that this is the 


ill the way 


iting equipment 


first reactor in this country to go 


EBWR is 


tric power on 4@ basis 


“us ui power 
reactor generating a sizeable amount of elec- 


that would satisfy the everyday re- 
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quirements of load and reliability expected of a commercial 
power station. At the same time the EBWR plant suc- 
cessfully provides all of the elaborate safety precautions 
demanded of a power reactor that is to operate in a popu- 
lated area. This isby no meansa minorachievement. As 
inyone who has tried to build a reactor knows, the safe- 
guards required tend to make all reactor systems designer's 
EBWR, for instance, includes as safety fea- 
an all- 


nightmares 
tures such things as an absolute reactor container 
welded steel shell 119 ft high and 80 ft in diam, a 15,000-gal 
tank of emergency water suspended at the top of the dome 
two emergency boron injection systems, and provisions for 
completely remote operation outside of the containment 
shell 

Anyone looking at the plans for the maze of mechanical 
ind electrical safeguard devices that go with the reactor 
might well question whether such a complicated system 
could ever be built much less operated as a commercial 
The achievement of the EBWR engineers 
is that first of all they have successfully transformed the 
from 


power plant 


reactor power plant, safeguards and all, 
Then they have 


complet 
ines on paper into functioning hardware. 
gone ahead to show that this hardware can actually be run 
to produce power with a reliability that would satisfy com- 
mercial demands. Further they’ve succeeded in reducing 


the operation and maintenance of the plant to a set of 


routine procedures such as might be found in a conven- 
tional power plant 

J. Harrer, project supervisor for the EBWR, stressed 
the point that technicians without college backgrounds 
have been trained as operators and that for the last few 
months these people have been given the responsibility of 
routine operation and maintenance. 

lhe final conclusions are that operational reactor power 
plants can be built near populated areas, they can produce 
ommercially acceptable power, and they will not require 


i staff of Ph.D.’s to run them. 


Steam-Demand Stability 
One of the concerns of the boiling-water-reactor concept 
has been that the reactor is fundamentally unstable to 


Radiation Levels No Problem 

An example of a pre-operational worry that did not materialize 
in actual operation was the possibility of prohibitive radiation 
levels around the reactor system while running at full power. 
Checks have shown that the gamma radiation level with the re- 
actor at 20 Mw is lower than the most optimistic predictions. 
Practically all of the observed level is believed to come from 
radioactive decay of N**(half life 7.4 sec) formed in the water by 
an n-p reaction. The following levels were measured at a few 
representative points in the reactor building: 


Place Gamma-ray level (mr/hr) 
Top of reactor 1 
Sub-reactor room 10 
Steam dryer 150 
Turbine inlet 50 
Turbine casing 4 
Condenser (above hot well) 40 
Air ejector after cooler 400 
Feedwater filters 5-100 
lon exchanger pre-filters (in shield) 500-100 
lon exchanger (in shield) 500-1000 
lon exchanger after filters Low 
Stack exhaust duct 3 
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STEAM BYPASS mechanism is pointed ovt by Walter C. 
Lipinski of Argonne for visitors touring EBWR during briefing 







A sudden increase in steam 





changes in steam demand, 
demand tends to shut the reactor down while a sudden de- 





crease has the opposite effect. (This happens because, for 





an increase in steam demand, the reactor system pressure 





drops and the steam voids in the core expand thus reducing 






the reactivity.) 
The EBWR engineers designed around this problem by 
installing a special by-pass throttle in a steam line that goes 






directly to the main condenser, by-passing the turbogener- 





ator. The bypass throttle mechanism maintains a con- 





stant reactor system steam pressure by automatically 





adjusting the bypass flow rate to compensate for changes 





in turbogenerator steam demand. In practice the steam 





bypass device is used to hold steam pressure constant 





until the reactor power level can be adjusted to the new 





The performance of the steam bypass 





load condition. 
control system in EBWR has, so far, been quite satisfac- 
E BWR has thus shown that boiling-water reactors 
can be designed to avoid steam-demand instability. 
Although technical feasibility has been established the 
economic feasibility of the EBWR bypass system is not 
Since the bypassed steam represents wasted 






tory. 







yet clear. 
energy, this method of control will always reduce the over- 
all efficiency of the reactor plant 
whether or not this loss of efficiency will prove to be serious 





The question as to 






is still to be answered, 
The EBWR engineers however are optimistic about this 
They believe that under ordinary conditions it will 







point. 
prove to be feasible to operate the plant with the steam 
They feel the bypass 







bypass valve completely closed 





will be mostly used as a convenient safety valve for 





relieving pressure buildup under abnormal] circumstances 





Turbine Contamination 


Another reason for building EBWR was to test the 
feasibility of using the primary-circuit steam in a direct 






turbine cycle. The possibility that radioactive contami- 





nation of the turbine might cause drastic problems of main- 





tenance is usually quoted as one of the major concerns of 





the direct-cycle concept. Surprisingly little concern, how 
ever, was shown by the EBWR staff about this poten- 
tiality 


no signs of contamination 






The turbine was recently examined and showed 









Although there is some chance 
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that contamination will build up over a much longer period 
of operation, the feeling is that there will probably be no 
major difficulty. The staff does not plan to make any 
direct tests of turbine contamination (i.e., deliberate re- 


lease of radioactivit nto the system 


Resonance Instability 


Boiling water reactors have recently run up against 
another kind of instability, known as resonance instability, 
that promises to be harder to cope with than the power- 
demand instability discussed abo 

Resonance instability shows up in a reactor as spontane- 
ous oscillations in reactor power that begin when the reac- 
tor power reaches a certain level If the reactor power 
level is raised above this point the oscillations become 
larger in magnitude A reactor known to have a resonance 
is then limited to an operating power a reasonable distance 
below the resonance power 

Resonance instability is believed to be the result of feed- 
Feedback of 


However a 


back between reactivity and reactor power 
this kind is present in ill power reactors 
resonance occurs only under pecial circumstances when 
the reactor design is such that the phase relationship be 
tween reactivity and power can satisfy certain require- 
ments.* This situation is not ordinarily found since most 
of the reactors built so far appear to be free of any reso- 
nance instability However resonance behavior has been 
observed in both boiling-water and fast power reactors 
In the latter instance there is hope that the resonances can 
be removed by changing the mechanical design (NU, Apr. 

* If the renctivit ried sinusoidal! 


reactor power will respond by performing o 


with frequency w the 
cillations of the same 
frequency The relationship between the phase and amplitude 
of the power oacillations and the phase and amplitude of the im 
posed reactivity oscillation given tb the reactor response func- 
tion, Gliw) Thus AP/P Aho” /Gii 
unstable (will break into spontaneou ov oscillations) at a 


he reactor will be 


given power and operating conditior j iw 0 for anv ow. 
The reactor is then said to have a 


57, p. 65). The problem for the boiling-water reactor 
appears to be more difficult. 

The central fact is that all of the boiling-water reactors 
built and operated so far have shown evidences of reso- 
nance instability Although the exact causes are not yet 
understood, the presence of steam voids in the core is 
believed to be essential to the existence of the resonances. 
Since the steam void size depends on power and in turn 
influences reactivity, the voids act as a feed-back mecha- 
nism between power and reactivity Both Harrer and 
J. Thie, director of physies for EBWR, make the point 
that previous experience with the Borax reactors showed 
that, as a rule of thumb, instability could be expected 
when the amount of reactivity controlled by the steam 
voids is greater than 2% in Ak. If this explanation is 
accepted then, since a boiling-water reactor has to operate 
with steam voids in its core, it follows that resonance in- 
stability is an inherent feature of this reactor concept 

Such a conclusion does not mean that boiling-water reac- 
tors are finished. Granting the possibility that every 
boiling-water reactor built might have a resonance, this 
fact can be ignored if the reactor can be designed so that 
the power at which resonance oscillations would start is a 
safe distance above the proposed maximum operating level 
The immediate problem is to find out enough about the 
resonance phe nomenon to design reactors in this way A 
second problem is to develop a fool-proof method of testing 
reactors after they have been built to demonstrate that any 
resonance that might be present actually occurs far enough 
tbove the design power 

E BWR should provide considerable information on both 
of these problems And in fact it will be one of the first 
reactors to benefit from this information As things stand 
today the question of resonance instability is one of the 
major uncertainties facing the EBWR itself. So far two 
things are known from experience: (1) at low pressures 


100 psig) ose illation vhich could be resonance oscillations 





The Plans for More Boiling-Water Reactors 

Several bolling-water power reactor designs are following close 
on the heels of EBWR. Half of these will be built in foreign 
countries. All but two of them are being built to serve as com- 
mercial power plants. 


G. E. Vallecitos Reactor. The next boiling-water _re- 
actor to go critical will be the 5-Mw power plant constructed by 
the General Electric Co. at its Vallecitos Atomic Laboratory in 
California. The Pacific Gas and Electric Co. is providing and 
operating the generating portion of the plant. The reactor will 
be used to test out fuel and operating features of commercial 
boiling-water reactors. It is light-water cooled and moderated 
with elther forced or natural circulation. The reactor has a 
design pressure of over 1,000 psi and can operate single or dual 
cycle. The first fuel element will be fully enriched UO,-stainless- 
steel plates clad with stainless steel. The system is expected to 
go critical sometime later this year. (NU, Apr. "57, R24). 


Norwegian process steam plant. A 3-Mw boiling- 
water reactor is under construction near Halban, Norway. This 
is a heavy-water, slightly enriched machine. The heavy steam 
is used in a condenser-boiler to produce ordinary light steam, 
the heavy-water condensate then returning to the reactor tank 
by gravity. The light-water steam is to be used for process 
purposes in a paper mill, The reactor is scheduled for operation 
early next year. (NU, Apr. °57, R26). 

The cost of building the plant ($3,000,000) is to be borne by the 
Norwegian government. The two major components of the re- 
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actor system are being manufactured in Norway. A/S Thunes 
Mek. Verksted is working on the heat exchanger while A/S 
Kvaerner Brug has the reactor pressure vessel job. The U. S., 
however, will supply the heavy water, Great Britain the U. 


Dresden Power Station. By far the largest boiling- 
water reactor project being pursued today is the 180,000 kw forced 
circulation, dual-cycle power plant that G. E. is building for the 
Dresden Station of Commonwealth Edison near Chicago. This 
reactor will have a power output 36 times that of the EBWR. 
The engineering design is now about half done and will be 
finished by the end of 1958. The construction, however, is al- 
ready under way (NU, June °57, R22). 

A dual cycle with forced circulation is used in the Dresden plant 
in order to attain rated output without exceeding allowable steam 
void limitations. G. E. expects to complete the reactor in 1960. 


Latin American Reactors. General Electric has signed 
contracts to provide two 12.5-Mw single-cycle boiling-water re- 
actors. One will be built in Cuba and the other in Brazil. They 
will be cooled and moderated by light water and will use 
partially enriched uranlum-oxide fuel. They will produce steam 
at about 600 psig and 500° F. The plants will be owned and 
operated by American and Foreign Power. The Cuban reactor 
will begin operation in 1959. (NU, Mar. °57, R9). 

ARBOR Facility. Argonne National Laboratory has made 
a preliminary design of a test facility known as the Argonne 
Bolling Reactor Experiment (ARBOR). Arbor would be larger 
(200 Mw) and more flexible than EBWR. The reactor vessel is 
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have been observed for a reactor power of 1 Mw while (2) 
it design pressure (600 psig) no resonance behavior is 
evident up to 20% over the design power of 20 Mw. 

The fact that the value of the resonance power 
should increase with increased pressure fits in with 
the steam-void explanation of resonances. But the 
important thing is that no one knows yet at what power the 
resonance, if it exists, will occur at design pressure. In 
other words no one knows how much further EBWR can 
be pushed up in power before it runs into a resonance. It 
is known that the reactor can go to 24 Mw and arguments 
ire presented as to why it might be safe to go to 40 Mw 
Sut no one is absolutely certain that the resonance could 
not be as high as 300 Mw or as low as 30 Mw. 

Iixcept for this single difficulty the reactor itself is not 

ill power-limited. Thie estimates that the power den- 

y can be increased by a factor of 6 or 7 before reaching 
the ‘‘burnout”’ heat flux. Increases of almost this much 
will be necessary if the EBWR or its successors are to be 

onomically feasible (see page 58). Thus finding th 
safe upper limit of power for the EBWR from the point of 

iew of resonance instability, is something that will throw 
ight on the economic future of all boiling-water power 


eactors 


Future Program 


A detailed plan exists for investigating EBWR in the 
months ahead. 

The immediate objective is to find out everything possi- 
ble about the question of resonances. This will be don 
by using the reactor oscillator technique. Small sinusoidal 
oscillations of reactivity will be imposed on the reactor by 
oscillating a control rod. Measurements of the amplitude 
ind phase lag of the resulting reactor power oscillations 
will give information about the existence of resonances at 
higher powers without having to endanger the reactor by 
going to the higher powers. Tests will be run to determine 


the influence of all the relevant parameters, including reac- 
tor power, steam pressure and feedwater-flow rate 

The second step in the program will be the installation of 
a forced-recirculation system. Besides providing for an 
increase in power density, * Harrer feels that forced cireula- 
tion, since it introduces pumping power as another control 
variable, will lead to smoother reactor operation and may 
This latter 
possibility will be explored by the oscillator technique 


improve the resonance-instability situation 


The equipment for forced circulation is being designed and 
purchased and will be installed late this vear 

The final step planned is the operation of EBWR as a 
First of all this means the 
The critical 


experiments for the new core are about to begin Plans 


heavy-water boiling reactor 


design of a completely new heavy-water core 


call for the use of urania-thoria fuel elements. In the 
mean-time work is going ahead to reduce the leakage from 
the EBWR primary coolant system 
SS lb of reactor water per day is too much for heavy 


The present rate of 


water operation, 

When finally installed the heavy-water core will permit 
a larger power output and will improve the conversion 
ratio. The combined heavy-water  foreed-circulation 
operation is expected to take place sometime in 1958 
This mode of operation will represent the ultimate in 
EK BWR performance, 

When and if EBWR power is actually going to be in 
creased has not yet been decided. Besides assurances of 
safety from the oscillator tests such a step would require 
additional investments in heat-disposal equipment. Harrei 
indicated that no plans had been made to provide for these 
modifications. He did, however, observe that on a cool 
day the present EBWR cooling tower could handle at 


extra 20 Mw of heat. 


* The increase will not be enormous since the flow rate with 
foreed circulation will be 10,000 gal/min while natural circulation 
already provides a flow of 7,000 gal/min 





designed for an operating pressure of 2,000 psig at 636° F, is 9 
ft in diameter and can accommodate a reactor core up to 6 ft in 
diameter and height. The proposed facility would be located 
at the National Reactor Testing Station in Idaho. The remote- 
ness of the location should allow a more ambitious testing pro- 
gram than is possible at the EBWR location. Finally ARBOR 
will not be required to generate electric power, thus making its 
time completely free for basic research on boiling-water-reactor 
behavior. A primary objective would be the investigation of in- 
stability in boiling-water reactors (see p. 56). Because of the 
factors listed above a more exhaustive study of this and other 
problems could be done at the ARBOR facility than would be 
possible at EBWR. Construction of ARBOR is planned to start 
in the spring of 1958. The reactor should be operating in 1960. 
(NU, Jan. °57, R8). 


Northern States Power Reactor. Ailllis-Chaimers has 
contracted to build a direct-cycle boiling-water reactor for a 
group of ten mid-western utilities (NU, Mar. ’57, R9). The plant 
will be operated by Northern States Power Co. of Minneapolis. 
The reactor itself will generate 133 Mw of heat but a super- 
heater using fossil fuel will up the total electrical output to 66 
Mw. The steam will go into the superheater at 600 psia and 
486°F and come out to the turbine at 540 psia and 1000°F. 
The reactor power will be adjusted to meet load demand by auto- 
matic control of the forced recirculation pumps. Allis Chalmers, 
builder of the EBWR power generating equipment, plans to com- 
plete the $20—-$25 million plant by 1962. 
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VALLECITOS boiling-water reactor recently dedicated by 
General Electric. The 5000 kw reactor will test new designs 
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Item 


( ipital $4,628 100 at 15% 
Operation and maintenance 


Fuel costs 


Initial fabrication S/U5, 100 at 15% 


Initial U rental —$730,000 at 4° 
Annual burnup at 2,000 Mwd/ton 
Annual fabrication 

TOTAL 


innual 


Char ge 


$108 


OO4A 


240 


L119 
2u 
182 


52 


Contribution to 


power cost* 


(mills /kwh) 


* Assuming 3 


1,626 52 mills/kwh 


10’ kwi r at SO 


t Includes credit for Pu and residual t 





EBWR Power Costs 


Initial power costs for this first boiling-water plant are high, 


but operation at higher power level and with heavy water 


will tumble costs. 





TABLE 1—-EBWR Research and Development Costs ($10*) 


Reac- Gener Fuel Heat 
to ation and = trana- 
/8 ma fer 


tem terials study 


Salaries 
Staff time (man-yea 
Tech. time (man-yea 

Special materials (Zr, Nb 
boron-stainless steel, et: 

Materials and supplir 
all others 

Irradiation services 

U processing 

Computing services 

Chemical analysis 

Hot-lab use 

Subcontracts (develop 
ment & design) 

Shop fabrication 

Engineering and drafting 
(ANL shops) 

Services—all others 

Allocated administrative 
and service costs 552 192 171 


TOTALS 970 308 1,397 





Later utility-scale plants look even better 


sSecause EBWR is the first nuclear power plant in the 
United States to produce electricity under conditions that 
would satisfy commercial requirements, special interest 
centers on the cost of the power it produces. Separate and 
detailed records of EBWR expenditures have been kept 
since the project first started in 1954 These provide the 
basis for a cost analysis that shows a high present cost 
that can be reduced to more attractive levels by future 
improvements, 

4 summary of the cost figures is given in the tables 
The costs are intended to apply to the construction and 
operation of the EBWR as a 5-Mw (electric) light-water 
natural-circulation reactor plant. The figures are com- 
plete except for shipping charges for the spent fuel el 
ments Quite reasonably, those capital costs that could 
be attributed directly to plans for eventually operating 
the reactor with forced circulation and D,O moderator- 
(The total amount omitted for 
these reasons was $220,100.) 


coolant were neglected 


Note also that research and deve lopment costs (given In 
Table 1) are not included in determining the capital costs 
the philosophy being that these are one-time costs that 
would not enter in the building of a hypothetical iden- 
tical sister plant 

Under these ground rules the total cost of power for the 
K BWR as it is now operating comes to 52 mills/kwh 
This figure is complet except for waste disposal costs 


(which have not yet been evaluated). 
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However, several factors will operate to reduce this power 
cost in the future. For one thing, as it stands now, the 
EE BWR could be run at twice its present power. (Some 
viditional investment, of course, would be required—e.g., 
nereased turbogenerator and cooling-tower capacities.) 
If tl vere done all costs per kilowatt hour except fuel 
ost would (roughly) be cut in half. In addition fuel 

sts were based on a conservative 2,000-M wd/ton burnup 
If the burnup is increased to 10,000-Mwd/ton and the 

tric power output to 10 Mw the power cost should 
lrop to about 23 mills/kwh. 

Further increases in the power of the EBWR will be 

wssible with the addition of forced convection and a 

ivy-water moderator-coolant. EBWR’s designers feel 
that, with these modifications, the final power cost will be 


to 15 mills/kwh. 


Further Improvements 


Chis 15-mill/kwh figure is still large compared with the 
ost of power produced from fossil fuel in this country 
ibout 6 mills/kwh). However, areactor of the same type, 
f built today, could do better. 

First the EBWR has to do two jobs—it serves as an 
experimental facility as well as a producer of commercial 
electric power. This means that the EBWR capital-in 

estment cost includes money for experimental features 
that would not be present in a single-purpose power reac 
tor. For instance the experimental program calls for 
operating the reactor with a number of different core con- 
figurations. To allow for these changes the designers had 
to provide extra accessories and a highly flexible core, both 
of which cost money. 

Secondly, even as a power reactor the EBWR is over 


priced. The philosophy behind the original design was 


intentionally conservative. Experience has already shown 
that many things included in the system ‘‘to make sure”’ 
could be left out of the next design. For example a forced- 
convection cooling system had been installed for the con- 
trol-rod thimbles. The operating temperatures of the 
thimbles without cooling are lower than expected so that 
the forced-convection system is not used. 

Finally, and probably most important, the capacity of 
the EBWR as a power reactor is too small to give an opti 

im investment cost per kilowatt hour. Even after 
modification for forced convection and heavy water, the 
EBWR output will be less than 100 Mw (thermal). A 
reactor in the 500-Mw class or larger could expect to realize 
i significant decrease in power cost over the EBWR, Asa 
rule of thumb (Nuc eonics, June '57, p. 74) the invest- 
ment cost per kilowatt hour varies inversely as the square 
root of the reactor power. Thus the investment cost per 
kilowatt could be cut by more than a factor of 2 by 
building a reactor of this size. 

Combining this reduction with all of the other factors 
we might expect that the final costs for capital investment 
would contribute something less than 5 mills/kwh. If to 
this we add a 3-mill/kwh fuel cost (corresponding to a 
10,000-Mwd/ton burnup) then competitive power costs 


do not look so impossible, 


* * * 


Based upon a presentation by Leonard E. Link of Argonne Na 
Laboratory at the EBWR technical information meeting held 
ently in Chicago 
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TABLE 2—EBWR Capital Costs 


Investment 


Item ($10*) 


Buildings 
Office and control building 
General construction 
Heating, ventilation, air conditioning, 
plumbing, lighting, electricity, in- 
spection 


Power plants 
Iixcavating and backfill 
Steel shell 
Shell coatings and thermal insulation 
Concrete inside shell 
Inside steel 
Utilities, air conditioning ducts, paint 
ing, ete 
Miscellaneous equipment 


Reactor system 
Foundations 
Vessel external structure 
Vessel 
Vessel internal structure 
Shielding—total internal & external 
Control and instrumentation 
Control rods and drives 
Boric acid system 
Fuel handling and storage equipment 
Feed water system 
Water purification 
Steam system 
Miscellaneous equipment 


Turbogenerator 
Foundations 
Turbogenerator 
Condensers and water lines 
Air dryer system 
Control 


Electrical 
Motor controls, switch gear 
imergency power 
Transformers and bus 
Miscellaneous 


Outside facilities 
Roads, walks, parking, site preparation 
Sewers 
Water lines 
Cooling tower, basin, water lines, water 
treatment 
Steam 


Architect-Engineering 
GRAND TOTAL 








-Pressure vessel 





_Control rod 














Thermal shield 
























































LEGEND 


Thick enriched uranium 
W. Thin enriched uranium 
ES Thick notural uranium 
Thin natural uranium 


[ ] Dummy element 





















































FIG. 1. Final arrangement of the fuel-element assemblies in the EBWR core for full-power operation. Four variations of plate- 
type elements were used: the plates were thin (0.212 in.) or thick (0.280 in.) and contained natural or enriched (1.44%) uranium 


Starting Up EBWR 


The leader of the EBWR project tells how they got the reactor 


up to full power and how it has been behaving since 


By JOSEPH W. HARRER Work on the Experimental Boiling Water Reactor 
Argonne National Laboratory, Lemont, Illinois (EK BWR) began in 1954. The reactor ‘“ went critical” on 
December 1, 1956, and first reached its full power of 20 Mw 
on December 29, 1956. Since then EBWR has been on 
several extended runs at full power See foldout facing 


p. 52 for a complete description of EBWR 


Critical Experiments 
Since no critical experiments were run during design 
work, the month of December was spent in doing critical 
experiments in the reactor to determine the proper loading 
for full-power operation 
In the first approach to critical, the core was loaded with 
a uniform distribution of the four types of elements: thin 
(0.212 in) and thick (0.280 in.), 1.44% enriched, and thin 
and thick natural-uranium elements (/ 
Critical mass was reached between 81 and 87 elements. 
JOE HARRER, author of the accompanying article, puzzles out the The 8l-element loading had a very high multiplication, 
next move in startup of EBWR probably greater than 10,000. The next loading of 87 ele- 
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ments completed a symmetrical pattern, and exact criti- 
cality, with no rods in the reactor, was not reached. 

After the first critical loading, it was evident that mor 
enrichment would be needed. As the loading was in- 
creased to 112 assemblies the enriched-to-natural ratio was 
made higher. Rods were calibrated, keeping the nine rods 
na bank. Position accuracy and repeatability was 0.01 
n After a 112-element loading was reached, enrichment 

is increased by exchanging enriched for natural elements 
until ~ 6% reactivity above cold critical was available 

Styrofoam strips were installed in the water channels to 
simulate the density reduction of water between room tem- 
perature and 488° F water alone, and 488° F water com- 
bined with estimated boiling voids density reduction (2 

Loading these strips, five to an assembly, took on an 
iverage of about 6 min per assembly. A series of critical 
runs was made during loading intermissions to obtain void 
effect data 

The net result of this effort was simply to minimize the 
reactivity in voids. After full void simulation was com 
pleted, estimates of the excess reactivity available led to a 
election of the loading of Fig. 1, in which there are 2 thin 
natural and 4 thick natural, 56 thin enriched and 50 thick 
enriched elements in the symmetrical loading. The bulk 
of the thin elements (largest water content) are at the cen 
ter to keep the effect of voids low. Two additional thick 
natural enriched elements are placed on either side of the 

surce to increase the source effectiveness or efficiency 

From the Styrofoam experiments, the void coefficient 
0.067 % reactivity per percent of voids 
0.060% 


Again, from the Styrofoam experiments, the reactivity 


is measured as 


The corresponding calculated value had been 


available for burnup was measured to be about 0.8% 
The corresponding value observed at full-power operation 
it 20 Mw, 600 psig, is 1.3%. Combining data from both 
Styrofoam and full-power operation the reactivity in voids 
it present, with Xe equilibrium, is 2.2% 


Raising Reactor Power 


Before the reactor vessel was closed, foil irradiation at 
ibout 100 watts was used to calibrate the ion chambers 
igainst flux power in the core. After the system was 
closed up the approximate power was set by selecting 
increments of ion-chamber current. Boiling effects were 
first noted at about 200 kw of estimated flux power. These 
vere evidenced in variations of some 2% in chamber cur 
rent. The reactor was not preheated in the first power 
run, and the startup temperature was about 80° F 

Several hours were consumed in reaching the rated 600 
psig. Power was held at values below an estimated | Mw 
throughout this time. This turned out to be a fortunate 
choice, since calibrations of heating rate against chamber 
current showed that the flux power was probably 2 or 3 
times higher than estimated. This error was attributed 
to reflector water-density changes 

At pressures below about 150 psig, a rather regular 
eyelic pattern of flux variation occurred with a magnitude 
of about 20% of the total pewer and at a period of about 
15 to 20 see (Fig. 2 

Steam lines were next vented and drained, The effect 

each such operation was readily apparent on the flux 
recorder For this reason, close contact by phone and 


through the paging system, was maintained. The com 
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munication system was a vital plant component through- 
out this stage of operation. As each line was opened, the 
flux would fall, then tend to return to the original value as 
equilibrium was reestablished. Disturbances were some 
10 to 20% in magnitude and 10 to 15 sec in duration. 

As a rule of thumb, no rods were dropped, unless the 
flux rose some 20% above the starting equilibrium value. 
When this condition was exceeded, one rod was dropped to 
cut back power. The rod was then raised again and equi- 
librium power reestablished. As the operating group 
became aware of the effect of each plant operation, the 
startup procedure was improved 

Experience to date seems to indicate that it is probably 
safe enough to start the reactor with room-temperature 
water. On the other hand, for routine operation, pre 
heating to a higher pressure gives a much more predictable 
set of startup observations, probably because circulation 
is established more quickly and the 15-see cyclic variations 
are lower in magnitude, (Compare Fig. 2 with Fig. 3.) 

An experiment was run in which the reactor water level 
was raised about | ft over the upper core shroud, As 
heating progressed at pressures below 100 psig, the water 
was allowed to boil off. Some increase in magnitude of 
the eyelic variation in flux was observed as the level of 
water fell below the upper shroud. It decreased when the 
level was subsequently raised, This test seemed to indi- 
cate that water surging over the shroud and irregular down 
comer water flow account for the cyclic variations 

When properly recognized, the effect on flux of the incep 
tion of boiling is not disturbing and probably will not be a 


major consideration in future operation. 


Steam-Plant Check 


The entire steam plant had been checked out prior to 
boiling the reactor, using 190-psig steam from the Labora 
tory supply. This work went on while the core loading 
was being tested This process served, among other 
things, as a cleaning process for steam and water systems, 
The condensate was run to drains 

rhe importance of this step should not be minimized, 
because a shake-down period Is necessary ih any power 
plant. In the boiling-reactor plant, it would be difficult, if 
not hazardous, to go through this same process with radio 
active reactor steam 

The steam, water and electrical portions of the plant 
were run in this way, with the generator putting out about 
After this checkout, 


the final connections for steam between the reactor and 


750 kw for a period of several hours 


steam drum were made, and the feedwater system was 
connected to the reactor. The reactor vessel was scrubbed 


and washed with high-purity water 


Approach to Full Power 


The reactor power was raised until about 10,000 lb/hr of 
600-psig steam was passing directly to the desuperheater 
in the cofdenser through the turbine bypass valve. Feed 
water flow and steam flow were carefully balanced by 
manual control, Both were then put on automatic con 
trol, the controlled parameters, rate of change of both 
pressure and water level, being held near zero 

The functioning of these automatic control systems had 
been thoroughly checked by preoperational tests and were 


determined to be reliable. Most important was the fact 
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Pressure ond temperature rise 


ta 


235 sec cose 


flow instobilites 
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FIG. 2. Strip chart showing reactor power as a function of time 
for low-pressure startup. Power oscillations are evidence of 
reactor instability at low pressure (compare with Fig. 3) 


that they were thoroughly understood by the operating 
Since these controls allowed focusing attention on 
flux the 


used immediately 


crew, 


more important parameters, such as variation 
automatic systems were 

Power was raised in steps of about 10,000 lb/hr, until 
A careful check on rod 


\ alue of 


steam flow reached 60,000 Ib/hr 


motion showed that the target ibout 2% reactiv 


ity in voids probably would be met A high-frequency 


response recorder was used to watch for possible 


; chugs” 
or a sudden large fall or rise in flux signal. This supple- 


mented the operational flux recorder, which had a full-scale 
pen travel of about 4 se 
W hen 60,000 Ib hr wa 


the reactor should have 


reached on the 
at 20 Mw 


vater 


team-flow meter, 


Hneen There was how 
flow reading and steam 
to check 


team wa er 


ever, no correlation between 
flow. 
It was found that the 
content. 


Steam samples were taken for moisture 
high in moisture 
Appare ntly the separated moisture in the steam 
dryer was not returning to the reactor by 
Instead, due to th 
dryer drum (resulting from the 
hield the 


vith the team 


gravity 


“as CX 


low pressure in the steam 


pected, 


team flow through the 


pipe in the reactor water was flowing upward 


into the dryer and mix 


Ing 


To correct this condition the return line was closed by 
installing a valve and a steam is installed at 
blow-down to the condenser 
im -fle 


re adju ted 


Vater trap W 
the drum with a A design 


error was also found in the st orifice, so that the 
instrument had to be 
After these change 


readings were found to chee} 


tarted and all meter 
ver of 60,000 lb/hr 
ind the 


the plant was re 
Full po 
was reached, the turbine was warmed up 


yee 


Critical Experiments—in the Reactor 


EBWR designers followed the unorthodox procedure of doing 
the critical experiments for the reactor in the reactor itself after 
it had been built. The critical experiments were successful—a 
striking feature was the use of Styrofoam to simulate voids. 
Nevertheless the designers now feel that they wouldn't do it this 
way again. 

The core design was based entirely on the results of two-group 
neutron-diffusion calculations. No critical experiments were run 
during the design. The fuel was fabricated so as to provide 
enough flexibility to cover the estimated inaccuracy in the physics 
calculations (two different thicknesses both 1.44% and 
natural enrichments). After the reactor was built the predicted 
loading was checked experimentally at power by shifting 
fuel around in the open vessel of the reactor. The experiments 
showed that the two-group calculations had underestimated the 
loading by 3.39%. Since the uncertainty in the calculations had 
previously been estimated to be *3.67%, the agreement is satis- 
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vero 


ia 


rator synchronized and loaded. Adjustments were found 
necessary to the generator protective re lays, and the gen- 


erator governor was reworked to give better speed control 


Running at Full Power 
A test 


trips were set to about 


run at full power was then started. Overflux 


120% power. The steam power 


back-pressure regulator was set to open at about 625 psig 


interlock 


Overpressure shutdown was set at 625 


psig 
The run was continued for 7 days during which time several 
system salety tests were run 

Keven though at full powe!l and 600 psig the flux variation 
was less than 4%, there was some chance that a sudden un- 
in feedwater could send the reactor into 
lo test this possibility 
was run to zero, then up to 90,000 Ib/hr in about 30 se¢ 
the full speed of th The flux followed the 


variation, falling to about 65% of power at zero feed and 


controlled surge 
unstable operation the feedwater 


control valve 


rising to about 120% power as the feed rate was raised 
The time delay between the start of a change in feedwater 
flow and when a change was noticed in flux was about 10 
sen This test established the fact that unstable operation 
would not result from mismanagement of feedwater 

A similar test was made with steam flow 
flow was lowered to about 10,000 lb/hr and raised to some 
80.000 lb/hr 


as the 


in which the 


Here the flux responded by rising rapidly 
cut down and falling rapidly as the 
but the in- 


steam flow was 


flow Ws rine ad No time delay Wiis obse rved 
strumentation wa 


Again 


eration could be 


not adequate to produce quantitative 
results it was demonstrated that no unstable op 
effected in this manner 

Setting the overflux trips at 120% power provided ade 
quate protection against steam- or water-control malfunc- 
further that if the 


a central-station 


tion One should. of course. observe 


trips are set at thi overflux value in 


| 


power plant, the failure of feedwater or steam-flow control 


could result in an overflux shutdown Partial or selective 


reactivity reduction to improve plant reliability should be 
considered for such plants 


Burst-Slug Detection 


phase in early operation was the concern 


An important | 


The propose d method was to 
of the gas 


iluation of the 


about fuel-element failure 


monitor the gamma activity at the condenser 


air ejector | method was undertaken 


factory. When coupled with a generous burnup allowance, the 
underestimate was large enough, however, to require that prac- 
tically all the fuel elements (95°) used be of the slightly en- 


riched type. 


Void Simulation with Styrofoam 


The main objective of the critical experiments was to determine 
the optimum loading for operation at full power and pressure. 
Water-density changes with temperature and steam voids formed 
during boiling cause significant differences in reactivity between 
full-power and zero-power operation. Since critical experiments 
must be done at zero power, there was a problem of how to 
mock up the temperature and steam-void effects to represent the 
full-power condition. 

After considering several possibilities the EBWR designers hit 
upon the idea of inserting strips of Styrofoam into the 
coolant passages to simulate changes in water density and the 
presence Styrofoam is a commercially available 
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core 


of steam voids. 











ising a2 X 2-in. Nal crystal and a photomultiplier feeding 
a 256-channel pulse-height analyzer. 
A broad Compton plateau was found from 0 to about 
6 Mev, due to N** activity. A small peak or hump was 
present at 0.5 Mev, due to Xe'** and Xe! activities. The 
magnitude of the Compton plateau followed reactor power. 
Immediately upon reaching 20 Mw in the reactor it was 
apparent that Xe gas was present at the air ejector from 
the gamma-spectrum analysis. Gas and water samples 
were taken and analyzed. This analysis showed that 284 
uc/min of Cs!*8, 18 we/min of Xe!** and 6 we/min of Kr** 
were released in the air-ejector gas. There were also 
traces of fission products in the water. Both the activity 
in the gas and fission products in the water have been 
nearly constant during operation for several months. 
This activity could be accounted for by 40 mg of fuel 
alloy. Since the activity remains constant, it is assumed 
that the surfaces of the fuel plates were contaminated. If 
there were a leak the hole would be about 10-4 em square 
The presence of this small amount of xenon has helped 
to establish the method of detection as practical. A con 
tinuously monitoring system is being installed, using a 
| & l-in. Nal (Th) erystal and a pair of counting-rate cir 
cuits. One measures the Compton plateau, the other the 
0.5-Mev Xe; the difference is used to set off an alarm. 


Shutdown Procedure 
The design of the electrical control system is being re- 
ewed in the light of what is needed to simplify shutdown 


yperation during the long-term routine runs. One change 
has been made. When the reactor is shut down for any 
reason, both the steam line to the turbine and the feed 
vater valve are closed automatically. This reduces the 
ossibility that slow operator reaction can result in leay 
ng the system open and permit a temperature stress at the 
reactor pressure vessel, due to blowdown of steam. 

The feedwater pump is interlocked so that upon loss of 
hot-well level the motor is stopped. To do this, a float 
witch was installed at the hot well. It has been found 
that a sudden change in steam flow, such as reactor shut- 
down, operates this interlock unnecessarily. 

The pump will not build up pressure unless outlet valves 


ire closed. The recirculation of water through the ai 
ejector coolers has an automatic feature which opens the 
line at zero flow The pump therefore cannot be started 





material that is manufactured by foaming melted polystyrene. It 
has a density of only 0.03 gm/cm’, which makes it quite suitable 
for making voids in water. Its nuclear properties were investi- 
gated and found to be unobjectionable. Special sanding tech- 
niques were evolved to finish the styrofoam strips to required di- 
mensions with sufficient accuracy. Heated circular “cookie cut- 
ters” were used to cut holes simulating non-voids. 

The Styrofoam was used to determine the reactivity effects as 
follows: The experimenters first calculated the density change 
and void volume expected at design pressure, temperature and 
power. They then inserted corresponding amounts of Styrofoam 
into the reactor core and noted the change in reactivity. Re- 
activity measurements were made for the temperature effect alone 
and for the boiling and temperature effects combined. One com- 
plaint against the Styrofoam was that it tended to soak up water, 
thus making its void volume uncertain. However, the effect was 
small enough so that, after applying suitable corrections, the 
EBWR physicists were able to get sufficient accuracy for their 
reactivity measurements. The Styrofoam technique was success- 
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FIG. 3. Strip chart showing reactor power as a function of time 
for high-pressure startup. Absence of power oscillations (com- 
pare with Fig. 2) demonstrates high-pressure stability 


from the control room unless an operator is sent into the 
plant to close the outlet valves. This system is being re- 
vised to permit restarting the pump, and the interlock will 
probably be time-delayed to give the float switch time to 
reclose after the steam flow is changed suddenly. 


Auxiliary Systems 

Containment-shell problems. Characteristically many 
of our major headaches in building the reactor stemmed 
from minor construction details. A good example was the 
problems encountered in making the reactor-containment 
shell leakproof. To provide adequate protection in case of 
an accident we had guaranteed that the leakage of air from 
the containment shell would be less than 1,000 ft*/day at 
an internal pressure of 15 psig. 

The containment shell was built and tested prior to in- 
stallation of the concrete and equipment. The shell open- 
ings for condenser circulating water, air ducts, mechanical 
operators for boron injection valves, the freight door, the 
air locks (of which there are two: the main air lock and the 
smaller emergency air lock) and electrical cable penetra 
tions were omitted from the initial test 

The original test on the shell alone was successful, But 
when the building was finally completed for operation, ob- 
taining a second successful leakage test was quite another 
problem Even though some precautions were used to 
make what appeared to be tight joints and secure gasket- 
ing, the main shell penetrations listed above leaked badly, 

It was not expedient to continue pressurizing the build- 


ing just to find leaks. A 3-day test at 15 psig was run 


in which all the leaks that could be found were inventoried, 









fully used te arrive at a final loading that minimized steam-void 
reactivity and provided the proper excess reactivity for burnup. 


Never Again 

After all was said and done Joseph Harrer, project supervisor for 
EBWR, disclosed that next time things would be done differently. 
There will be no more critical experiments in situ. Plans are to 
back up the new EBWR heavy-water core design with the 
standard kinds of critical experiments before it is built. Al- 
though the unorthodox procedure did work out all right, Harrer 
feels that it has serious disadvantages. Virst, since the critical 
experiments are tying up a very expensive facility, there is the 
pressure of time. Only three weeks were allocated for these in- 
vestigations in EBWR. During this time the experimenters 
worked double shifts but still did not get as much information 
as they would like to have had. Second, the extra investment 
in fuel required to cover the inaccuracy in the physics calculations 
would go a long way in paying for more precise determinations 
by ordinary critical experiments. 








Vol. 15, No. 7 - July, 1957 





63 





Then the various devices such as the air-lock doors and the 
vent and intake dampers were isolated in units so that 
they could be pressurized individually and tested for tight- 
ness, This arrangement should probably have been part 
of the original design Consi ble saving in time would 
be effected if individual un provided for, rather 
than depending upon field-test 

A major leakage problem existe the cable troughs 
through which 300 multiconductor cables penetrated the 
shell for control and power purpose Mach cable had been 
tested individually to ensure thet there was no leakage 
along the cable itself. If there was leakage the ends were 
closed with solder luge and a solid wr ipping Of tape used 
to make the cable itself leaktight \ 


tors were treated in tl 


tranded conduc 
manner 

However, where the troughs penetrated the shell proper 
a real problem existed The trough is 2 ft wide and pre 
Che total length of 
the trough was about 6 ft, penetrating the 2-ft concrete liner 


sentaa 2  I-ft area for cable egr 

support inside the lower shell region Che design called 
for filling the troughs with Chico cement. Chico cement 
is not itself leaktight; nor does it seal tightly to the cable 
or steel We were aware of thi problem and intended to 
fill the trough at the inside with 


under pressure from the building, would seal the Chico by 


‘ 


oid compound, which 


penetrating any tiny opening along a cable or side of the 
trough, 

The idea probably would ha vorked, except for one 
minor difficulty The trough not seal-welded 
shut; instead by some oversight on imple seam weld 
had been run. Thus air bypa void compound 
resulting in extremely high leakage Since the troughs 
were then completely encased in the concrete and could 
no longer be welded shut, it was necessary to try makeshift 
methods to cork the cables on the outside of the shell 

Several weeks of experimentation led to building up the 
troughs about 8 in. at the outside and finally filling this 
with a two-part epoxy resin that sealed tightly against 
cables and troughs and effectivel orked”’ the opening 
A successful test was then made that showed the leakage 
was actually less than the required minimum 

Control-rod operation. BWR is the first reactor to 
use the pressure-breakdown ring seal on rod drives Al 
though the method has been thoroughly tested, the experi- 
ence with nine such rods in an operating reactor is of 
interest, 

The average radial clearance in the nylon bushing above 
the seal was 0.0017 in 


weeks, iron dust accumulated at this point 


It was found that, after several 
Rods there 
fore stuck at zero pressure owing to binding in this bush 
ing. The clearance was increased to 0.0076 in., and this 
apparently has eliminated the troubl 

Seal leakage is about 200 em*/min The thimble ex- 
tending through the lower shield plug runs at about 150° F 
during operation without cooling Injection of water at 
the rod thimble causes a noticeable drop in the lower vessel 


head temperature so that it is considered unwise to use this 


system, Because of the low leakage the heat does not 
travel downward and the forced cooling probably will be 
abandoned entirely 

lon-exchanger system. Continuous 
hanger at a rate of 8-9 


cleanup of the 
water through the mixed-bed ion ex: 
gal/min has maintained the water at 10°ohm-cm resistivity. 


64 


Steam and turbine system. Operation to date has not 
been enough to determine if any contamination of the tur- 
An incidental difficulty 
A mechanical difficulty 


bine or steam system will occur 
threw some light on this subject 


with the main steam throttle valve required opening it and 


replacing the valve extension shaft Operations on this 
valve had caused the shaft to be stressed beyond the yield 
point so that it is elongated %¢ in 

In this operation, the Kanigen coating of the valve was 
examined and found to be in perfect condition. A slight 
darkening was all that could be observed to compare it with 
a new surface No deposited activity could be found. 
Liquid-recovery system. The buffer seals with dry air 
On the other hand, the over-all 


system, which includes the air drying system (3), has met 


are working as designe d 


with several practical difficulties. One major difficulty 
stemmed from the fact that at 20-Mw operation, as already 
noted, the air-ejector gas contained Cs Xe!** and Kr* 
ictivities 

Recirculation of this gas to the dry-air buffer seals raised 
the building-air-activity level to a point considered unde 
sirable, although not dangerous. The main activity car- 
ried by the building air was Cs To correct this condi- 
tion, the gas is discharged at the stack 

A second difficulty was found in the air-drying-system 
control itself rhe two design pressures of 6 in. water be- 
low and 6 in. water above atmosphere cannot both be con- 
trolled automatically with the system as designed At 
present, the positive 6-in. pressure is controlled manually, 
providing a reference for control of the negative 6-in 
Value 

A third problem stems from the fact that the 1-psig 
gland seal steam contains radioactive gases, just as the 
main steam system does This gas cannot be used for the 
buffer seals without raising the building air activity, even 
though this is again very small in quantity 

This system is therefore open to a complete review, both 
from a basic and from a functional design standpoint 

Decomposition gases. The radiolytic gas content of 
the steam has been measured It is 55 em*/1 of conden- 
sate The composition of the gas is 30% O.; 66% He; and 
1% inert 

System-water leakage rate. At the moment the loss 
of water from the stem is much too high to meet D,O 
operating requirements The current outleakage rate is 
estimated to be SS lb/day; | lb/day has been set as the 
design target for the D,O loss About 60 of the SS Ib/day 
leaves the reactor through the air-ejection system as dis 
sociated water Chis will be corrected by the addition of a 
recombiner now under design Most of the remaining 
loss is accounted for by 200 or so leaky valves scattered 
throughout the reactor system. The inleakage is in better 
shape It is estimated to be 1 lb/day compared with the 


desired design specification of 44 Ib/day 


data conte ee ere were furnished by 
} Hall Jameson, W. J Kann, 
eand BE. A 
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Shielding 


Gamma-Ray Streaming Through a Duct 


By DAVID G. CHAPPELL 


Knolls Atomic Power Laboratory, General Electric Co., Schenectady, New York 


DESIGN of biological shields 
ition sources often involves 


ng for the gamma flux that 





s through a cylindrical duct that 

es the shield. 
mogram permits rapid deter- 
of the geometrical attenua- 
the gamma flux streaming 
rough the duct from an emitting sur- 
ipon which the duct abuts per- 


ilarly Scattering effects are 
not accounted for. 
The formula for the attenuation* is 


K (7) 
{XL 
bg, 1, 1.268 for a spherical, 
ind Fermi emitter, respectively; 
he diameter of the duct; and L 
duct length in identical units 


rmula is valid if L>D, ice. 
thin, straight cylindrical ducts 


Duct diometer 
Ferm: emitter 
Duct length 


or ¥ h (D/2)* is negligible compared 
th / 
Example: 0.8-in.-diameter duct pene- 
trate 2\-in.-thick shield and abuts 


Cosine emitter 


cularly onto a cosine emitting 


As shown, the nomogram 


Duct ottenuotion foctor: 


3.5 * 10°" for a cosine 
er, 4.6 * 10~-* for a Fermi emitter 
lation for a spherical emitter is 
that of the cosine emitter, or 
10 


| eeere cere: 


* * * 


Tey yi 


o acknowledge the assistance of Miss 
Berge who drew the nomogram 


=auee 


re 
° 


Atomic Power Laboratory is operated 
neral Electric Co. for the U. 8, Atomic 


Commission under contract No, 











ry retry 


» 


Us Eng ) 


*’' Reactor Shielding Design Manual,” 
I Rockwell III, editor, p. 200 (McGraw 
H Book Co., New York, 1956). 
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IN THE SPACIOUS, memento-filled Pen 
tagon office of the Chie! 

ations, Admiral Arleig 

on 4 large table next 

flat book. In it ar 

master plans for the 

fleet effecti 

each year, covers the 

the next 


firm 


future 


grams of 
other, less 
years (average life of 
and tries to 
where is the Nav roing Right now 
the book contains the blue 
timetable for what i ire thi 


cope 


que tio 


print and the 


gigantic technical revolution « 
ried out by deliberate plan over 0 


short it period ol time thr complet 
it fleet to 
Admiral Burke 


it took 400 vears for 


conversion of the U.S. comb 
nuclear propulsion. A 
likes to point out 
navies to shift from spears to gunpo 
75 years from sail to steam, but 


1 the 


der 
unlocking 


It now 


transiorma 


less than 12 years fron 
of the atom to nuclear power 
looks as though the actual 
tion of the fleet may be close 
half carried out in a mere 18 year 
the N 


to being 
, 
‘a laid 


is already a year since 


non-nuclear submarine: 


Forre 


be, il 


down its last 
and the sixth tal-cla 
will 

Navy plans, the last oil 
flattop. 


This has not yet registered in the 


carrier ( ongre ipproves 


burning U.S 


minds of people not immediately con 
with the 


cerned program near! as 
* From April 1948, when the submarine 
reactor project wae for iI lished at 
Argonne National Labor 
when the Navy 
sixth nuclear 
year, other nuclear naval! 
clude, according to Ni 
line projections, some 45 


166 
hope 


aircratt 


dozen guided-missile 
ginning of a flotilla of de 
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Nuclear Navy Paces 
_U. S. Atomic Industry 


75-100 reactors over next 8 years leads industry 


in history's biggest reconversion program 


By JOHN E. KENTON, Neu 


wide ly 


and her sensational succe 


Vautilu 
Nor is it 
appreciated that the Navy 


as have the stories of 
generally 


has already made the epoch-making 
decision to convert to nuclear power tor 
all fighting ships, surface as well a 
submersible 

What such a vast program means to 
a civilian atomic energ’ equipment in 
dustry struggling to be born is littl 


short of staggering with 


attention having been primarily focused 


particularly 
during the past two years on the great 
Gore bill debate and the 


elvilian 


question of 
Mi an 


the massive part ol the present 


reactor acceleration 
while 


Navy 


speaking 


program has, in a manner of 


sneaked up on the scene 
rhe present Navy program, including 
the fiscal ’58 shipbuilding program now 
before Congress, involves 30 seagoing 
reactors plus six land-based prototy pes 
all to be completed and operating by 
1961; and no less than 40 more reactors 
alone over 


And 


this is without counting the spare rea: 


are contemplated for carrier 
the succeeding five years to 1966 
tor vessels spare vessel closure heads 


spare canned rotor pumps spares oO! 
I I J 


all items of hardware, no matter how 
costly, that might require replacement 
lor nuclear propulsion is no exception 
to the Navy’s standard operating pro 
cedure of providing spare parts of 
dockside It would be 
Navy unit to bi 
immobilized in port for the two years 


that it takes to fabricate 


everything at 


inconceivable for a 


lor eXal iple 
The 


contracts is 


reactor vessel 
Navy 


far from a dearth 


a re placeme nt 
volume of work on 
indeed so great that 
of business, some industry people se 
some danger of conflict between naval 
and civilian orders for the still-limited 


manufacturing facilities 


Editor VUCLEONI( 5 


l'rom the inception of the naval pro- 
pulsion program through June 30, 1956, 
Ah 


has spent $273.3-million on it 


alone—exclusive of the Navy 
$1 82.5- 
million on research and deve lopment, 


The 


56 outlay of $50.7-million was a 


$90.8-million on construction 


fiscal 
28% increase over the 
The carriet 
this to a 
1958 or 1959 for 


The 


cool 


$39.7-million 


pent in fiscal 55 pro- 


gram alone will raise $350- 
yr business by 


least 


million 


it tot il ol at 


x 


$500-million 


Navy for its part has spent a 
$1.5-billion for 
VN autilus 


Over and above 


nuclear ships from 
through the 1958 program 

this direct contribu- 
tion the naval 


program 18 making to 


the atomic industry are even greater 
contributions was the 


that crash 


indirect 
Navy program, for example 
developed the technology of zirconium 
material for 


othe I 


usable 

How 
examples might be cited will probably 
as long as Nautilus re- 
And it should not 
be forgotten Vautilus and her 
Idaho contain the first 
reactors in the world to produce power 
Indeed, the 


S. civilian power station 


and made it a 


civilian reactors many 


not be known 
classified 


that 


mains 


prototype 


in usable quantities 
first large U 
PWR 


Carrier 


originated as the CVR project 
Vessel started by 
Westinghouse for the Navy in 1952 and 


deferred by the latter in 1953 


feactor) 


Today's vast program 1s being 
Navy—Atomic 
The 


“joint’’ does not perhaps indicate suf- 


carried out bv a joint 


nergy Commission team word 
ficiently how close is the collaboration 
for the hard core of key officials wears 
two hats. They belong both to AEC’s 
Naval Reactors and to the 
Navy’s ‘Code the Bureau of 
Ships section for nuclear propulsion 
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A Progress Report on the Nuclear Navy 








PROJECT SHIP YEAR  cuppunpep «WT. | COMPL. { PRIME SUPPLIER 
DESIG. DESIG. NAME AUTH’D LENGTH DATE CONTR. = 





SUBMARINE 
S1W (STR-I), land prototype Arco, idaho 


S2W (STR-Il) SSN-571 NAUTILUS 

S1G (SIR-A) land prototype W. Milton, N.Y. 

$26 (SIR-B) SSN-575 SEAWOLF 

S3W (SFR) SSN-578 SKATE Jan. "58 
S4W (SFR) SSN-579 SWORDFISH . Oct. "58 
S3W (SFR) SSN-583 SARGO . Oct. ‘58 
S4W (SFR) SSN-584 SEADRAGON Jan. "59 


PEGGR* EE 


= 
a Z2Z@zaRSSPCRRRR™ 


S5W SSN-585 SKIPJACK Aug. ‘59 


S3G (SAR) land prototype W. Milton, N.Y. ——- -—— 
S4G (SAR)  SSRN-586 TRITON Oct. '59 
S3W SSGN-587 HALIBUT July ‘59 
SSW SSN-588 SCAMP 1957 
S5W SSN-589 SCORPION 1957 
SSW SSN-590 SCULPIN 1957 


SSW SSN-591 SHARK 1957 


SSN-592 SNOOK 1957 
SSN-593 ? 1957 


Wost. 
West. 
GE 

GE 

West. 
West. 
West. 
West. 
West. 
GE 

GE 

West. 
West. 
West. 
West. 
West. 
West. 
West. 


SiC land prototype Windsor, Conn. 


$2C SSN-? 

S5W SSGN-? 
S5W SSEN-? 
SSW SSEN-? 


CRUISER 


FIW CLEN-1 LONG BEACH 1957 BethiehemSteel, 14,000 
Fore River, Mass. 700 








CARRIER 
AIW (LSR) land prototype Arco, Idaho 


West 
A2W CVAN-1 ? d West. 





DESTROYER 
DIG land prototype W. Milton, N.Y. - -—— “@ 


026 DDN-1 ? 


* Five more carriers sought by Navy, one each succeeding year, for total of six { Date of commissioning for Nautilus and Seawelf; target dates for completion 
n service by 1966 of others. Nautilus was commissioned before starting sea triais on 1/7/55, 
t Upper figure opposite each entry shows displacement tonnage, lower shows but was not taken over by Navy until 4/22/55 
ength in feet § Best estimate of total cost including Navy's cost for ship and AEC’s cost 


t No pressurizers in sodium-cooled system for reactor 


How to Read Nuclear Navy Alphabet Soup ene tetas tebbinaietae iete 
STR—Submarine Thermal Reactor OD for destroyer); one number indicating the order of CLOWN —Cruiser, Light, Guided missile, Nuciear 
SIR—Submarine intermediate Reactor construction by the manufacturer of the reactor type; CVAWN—Carrier Vessel, Attack, Nuciear 
SAR—Submarine Advanced Reactor and one letter for the initial of the manufacturer's Company abbreviations in the table are 
SFR—Submarine Fleet Reactor name (W for Westinghouse, G for General Electric, C West — West) use 
SRS—Submarine Reactor, Small for Combustion Engineering). The new reactor desig Baw Babcock & Wilcox 
LSR—Large Ship Reactor nations are shown in the table. Navy vessel designa CE—Combustion Engineering 

in late 1955, 2 new nomenciature was adopted, con tions include: GE —General Electric 
sisting of one letter indicating the type of vessel SSN—Submarine, Nuclear Fw fester Wheeler 
(S for submarine, A for aircraft carrier, F for frigate, SSRN—Submarine, Radar, Nuclear Mb C—Metals & Controls 
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TASK FORCE OF THE FUTURE 


Fleet-type sub. 
day “ production’ 
of her class, was launched in May and is 
sea in January Swordfish is to be launched this month at 
Portsmouth, N. H., Naval Shipyard 
building; and Mare Island Naval Shipyard near San Fran- 
building Sargo. Cost of ale-class 
placed at about $44-45-1 if Nautilu 


These are the first unglamorous, worka- 
Skate, first 
to be ready to go to 


models of nuclear submarines 


where Seadragon is also 


Cisco is submarine is 


estimated cost 


Nautilus and Seawolf are both considerably larger than con 


ventional subs; at 3,180 and 3.400 tor irflace displaceme nt 

with the 1,600-1.900 tons the 
typical World War Il subs di placed It was to move back 
in the direction of a mor 
detect 


respectively, they compare 
compact—-hence more difficult to 
undersea fighting unit, once the principle of nuclear 
propulsion had been proven, that We 
develop a smaller, fleet-sul ze reactor (SFR 


nghouse was asked to 
The medium 
size Skate class boat it 100 ton ire not as small as the 
wartime subs, but are about 25 maltler than Nautilus 
ilhouette 1 
actors are about half the size of Naut 


there ha 


which 
Their re 
ind have onl 


they resemble in June 7, 25 
ibout 
been conflicting 


half the output 


tatements as to 


whether or not they 4) knots, but they will certainly 


be slower than Naut points out they 
are intended to be an ad the diesel Guppy-ty pe 
attack sub and improvern to onventonal submarine 
ter hnology not uivance o t bigger Nautilus 

The differences in S3W reactor plants going into Skate and 
Sargo and the 84W type to eq up Swordfish and Seadragon 
apparently involve shielding. It is 
understood that one bas a conventional sleeve-type shield 


largely the crew 


aiftlerenes n ne 


around the reactor vhile in the other it 1 
that is shielded from the reactor, with a lead-lined tunnel for 
passage past the ct ympartment imilar to the crew 


tunnel in the waist 


Radar-picket sub his type has been au 
thorized so far, but this « 
world’s biggest submarine « id only 
A-sub Triton, now alren vell ' in construction at 
Mlectric Boat, will displace a whopping 5,450 tons. She is 


will be by far the 


two-reactor 


designed to be fast enough to operate ith a fast carrier task 
Because of the 


first pre ssurized water 


force and provide it with radar information 
advanced nature of her reactors (GI 
reactor job), a single prototype is being set up at West Milton, 
adjacent to the Seawolf prototype sits 


Hunter-killer sub This midget 
When the na 
tor to enter the naval reactor program, Combustion Engineer 


ubmarine type will be an 


anti-sub sub ought a third major contrac 


be built at Ch’s ne 

Development Center at 
These hunter-killers 

they may be produced in quantity 


$15-million Nuclear Engineering and 
NU, Feb. ’57, R1 


ire to be relatively inexpensive, so that 


Windsor, Conn., 


Their small reactors will 
speed, but this will not be a disadvantage 
attack 


ibmarine to be powered by so small 


not give them great 
as their function will be to lie in wait for enemy 
rhe first 


reactor was in 1958 shipbu 


submarines 
ilding program now 
before ¢ Ongress 

Guided-missile subs. Ty conventionally-driven subs, 


inny and Barbero, ha demonstrated successfully 
mussile in this case 


bring it out 


undersea craft n carry a guided 


ind wu mia r of minutes irlace 


fire ind a ipl r below the irface again (‘om 


ion of thi t with nuclear endurance creates a 


+} 


Lpor IAL SOE hitey men consider the ultimate 


Accordingly, Ha 


igned specifically 


conventional diesel submarine de- 

guided missiles, was converted 
now building at 
Mare | land, and will have an S3W reactor plant She will 


cost $61.1-million to build The Navy of course cannot say 


before keel-laying to nuclear power She is 


however, where 
improvised tank-like 
hangar on deck, Halibut will store hers below decks in a 
le-hangar Secretar Thomas dé 
ibmarine of World War I intage 
so enthusiastic about thi type | the Navy that threes out 


how many missile he will aeccommodat« 
Barbero carried one Regulus in an 
cribed as nearly as 
rge as that of an entire 
of four subs in the 1958 shipbuilding program will be an 
improved, faster Halibut-ty pe 


This is in many ways the most 


High-speed attack sub 
fantastic vessel in the Navy's whole fleet of lantastic new 
This is a flying 


+} 


ubmarine that soars underwater as a 


plane flies through i air, a sub that outmaneuvers destroy- 
ers, a boat that travel 
60 mpl 


he project had it 


ibmerged at speeds that may reach 


2 knot weording to authoritative speculations 
Inception in the experimental submarine 
i/bacore, built to test a new hull design resembling a whale 
rather than the usual iwar shaped sub | ery projection 
thin like a dorsal 
rounded back 


i single five-bladed screw 


has been eliminated save the conning tower 


fin irtually no flat deck remains on her 


Power is exerted throug conven- 


tional subs as wellas Nautilu 


s, Seawolf, Skate are twin-screw 

this permits smooth fairing of hull surfaces aft to reduce drag 
Vautilus’, has never been disclosed other 
‘over 20 knots but the Navy 


has admitted that despite her diesel-and-battery propulsion, 


Albacore 


speed like 
than by the cryptic phrase 
i/bacore is the faster sub, so effective is her tear-drop hull 
design Her pilot and copilot are strapped into bucket seats 
and use airplane-type wheel-and-stick controls to command 


her movemerits, which they call hydrobatics Leather loops 


veloping like those in subwa hang overhead for the benefit of crew 
I £ 


ing Co. was given the a ignment in Jul 1955 of de 
the smallest reactor that could be used in a propulsion plant 
This will be the smallest of the Navy five-reactor family, but 


like the others a pre 


members, who perforce become straphungers when she goes 


into a high-speed turn with a 30° bank 


urized w pe A prototype is to The idea of marrying this “‘perfect’’ hull shape with a nu- 





This avoids duplication of staffing and the program encompasses a family of reactor size, to simplify the problem of 


reactors, of approximately the personnel training. This helps explain 
| 500 shaft horsepower; the 


Navy’s 
6.0007 000 15.000-17 ibandonment of sodium-cooled reac- 
30,000-40,000 shp. The tors following the initial troubles with 


red tape. It goes right tothe top, with five 
Rear Admiral Hyman G. Rickover 
builder of Nautilus and the high priest 


following sizes readiness to announce 
} 0OOO-4 000 
of nuclear naval propulsion, holding 000; and 
both the titles of chief of NRB at 
AKC and deputy of chief 
for nuclear 
Under him in NRB ar 


fessional and 35 clerical staff 


Objectives 


Primary purpose of the na\ 


figures are approximate if only because Seawolf and to concentrate on pres- 
urized water cooling 
Another 


tarting out to design, for example, a nivantage of 


the development of nuclear propulsion 


> ' 
PUSTILpS 


energy at the Navy is reason was the weight 


ibout 100 pro 


advancing so rapidly that a project 


water-cooled reactors 
which require less shielding than any 


other 


1,000 shp plant may end up with one 
of 7,000 shp. The intent is that these 


units be usable in any combination time 


type we know at the present 
because water absorbs less radio- 
than any of the other cool- 
chief 


* Though 


al reas two small or one large, depending on rctivity 


iull characteristics and other external ints explains BuShips Rear 
Admiral Albert G. Mumma 


iximize the common features in each nitially 


tors program is to develop a group of 


propulsion plants in a wide range of ictors. Another specification is to 


power ratings. At the present tim m it was felt that the reactor in 
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ne has had naval architects awestruck for the past complete reactors. Newport News Shipbuilding & Dry Dock 
ee years. The marriage is already being consum- Co., a8 subcontractor to Westinghouse, is working on appli 
Skipjack, first of the Albacore-hulled A-subs, is cation of this reactor plant to a carrier hull. This year Con 
taking shape on the ways at Electric Boat, alongside gress is appropriating funds for the ship itself. It may be an 
And six more like her have been authorized indication that nuclear power is already becoming conven- 
have been contracted for. The sixth—the still-un- tional in the Navy that Admiral Mumma now sets the cost 


SSN-593-—is being held back to permit further refine- of the carrier at $314-million, as against the original estimate 


be made in her hull design and her engineering plant of $400-million. Of course against this must be set the cost 
be assigned to a navy yard in August , of the first four Forrestals $175-$212-million each 
ick’s SHW reactor, about the size of Nautilus’, is a Top Navy strategists are excited about the potentialities 
volution of that pioneer engine, and embodies major of this ship. Among the improvements in carrier construc- 
ments in design simplification; in particular, core tion that nuclear power will permit is emancipation from 
is expected to be tremendously simplified. West- boiler uptakes and stacks, with consequent freedom to place 
designers feel S5W incorporates the best features of the “island’’ anywhere on the flight deck, and to install in it 
L SER, will be the simplest naval reactor yet designed new high-performance radar 
ck will cost the Navy $59.9-million, her first five In February, Admiral Burke presented to Congress a 
isters less. When she sets out on her trials, it will plan for rejuvenating the Navy's attack carrier fleet Burke 
new epoch in man’s going down into the sea in ships would have one new nuclear flattop enter service each year 
from 1961 through 1966 
The jet age makes the larger carriers vital, Burke holds; 
in addition, the nuclear carrier, having no bunker oil needa, 
will ship nearly twice the aviation fuel supply of Forrestal, 
the fact that she is the upgraded result of a project doubling the time it can conduct air operations without 
frigate (oversize destroyer). The twin replenishing avgas. It will have 4,000 ft* more flight-deck 


and 2,000 ft? more hangar-deck space than Forrestal 
S80) 


Cruiser. U. 8. 8S. Long Beach, the world’s first nuclear 
opelled surface ship, will be a guided-missile-armed light 
f ilthough the designation of her twin reactors, F1W, 


began as a 
hip will boast no land-based prototype of her own space 
Burke also points out that a nuclear carrier will save 


vill use the same basic reactor as the carrier—the 
million during a ship's 20-year life in fuel oil not burned 


Ship Reactor sO she will share the carrier s Idaho 
pe for data needed The LSR will be adaptable to 
il vessels in either single or multiple installations Destroyers. The destroyer project 
of the ship is set at $87.5-million. The Fore realization because it is the most difficult to achieve-—for 

t the same reason as aircraft nuclear propulsion is difficult; 
trovers have the 


is still furthest from 


d of Bethlehem Steel’s shipbuilding division a 
Mass., will build Long Beach (NU, Nov. ‘56, R2 weight-to-power ratio must be so low Ly 
» be laid next March Although she is deseribed a most highly-developed power plants in the Navy as far as 
Admiral Burke told Nucieonics a speed of compactness and light weight are concerned, even more so 
than submarines Destroyers’ present ratio that nuclear 
propulsion must try to match is only 60-65 Ib/shp, dry 
Consequently some kind of technical breakthrough in weight 
is the job 


ship 


not inconceivable 


Those who think the 60,000-ton supercarrie 
I ind Saratoga are big may well boggle before the 
85,000-ton atomic carrier the Navy has just received Con 
rressit ipproval for. This monster will be driven at 


g 
1 propulsion plant containing eight reactors and 
Vautilu he years scientists might be able to get the pound per horse 


reduction or in shielding may be necessary Phi 
that GE has taken on at the Knolls Atomic Power Lab with 
its DIG project Ly pending on progress, a prototype may 
be budgeted in fiscal '59 or ‘60 In perhaps one or two 


hangers powering four screws Like 
range of some 75,000 miles between core loading power of nuclear propulsion down to where it can be put on 
¢ the first vessel in which there will be two reactor the smaller ships-—that’s where it would do the most good,”’ 
m driving one propeller shaft That is why not one Admiral Burke told Nuc Leonice They're getting a few 
pounds off each year. I wouldn't be surprised if in five years 


prototype reactors are being installed in the land 
it will be feasible to build plants on the same pounds-per 


ill section at the Idaho testing station The $30 
lity will include all the machinery for one shaft of horsepower ratio 
tudies on the dynamics of two reactors For the Navy, the stakes are gre 


Lo permit st 
rew Construction began in April 1956 stroyvers must refuel at sea every 5-10 day consequently 


as present engines 
it Conventional de 


ear Congress authorized expenditure under the 1957 are also quite weather-dependent A destroyer reactor will 


procure therefore mean a tremendous gain both in operational flexi 
$15 bility and in naval housekeeping The destroyer where 


ding program of $22-million for advance 


ong lead-time items Westinghouse got i 
ve need it (nuclear power] most Navy Secretar Thomas 8 


(jates told NucLBonice That the real workhorse of the 
y We'd have put it in there first if we could have 


ct to design and furnish reactor compartment 
for the carrier—-a figure leading to the belief 
only eight reactor pressure vessels, not eight Nav 





Power Division of Westinghouse, Pitts to ask five further carriers, one a year 


olf would promise a consider- 
ls Atomic Power Labora through 1064 In addition, the Na 


sunt of improvement over the burgh; Knol 
the Nautilus, the additional tory of GE at Schenectady, N. Y.; and is working to develop an aircraft 
that was required as the stat Combustion Nuclear Development reactor for seaplanes, but this is being 
ae eloped negated to a large Center at Windsor, Conn conducted administratively through 
The im- ALC’s Aircraft Reactors Branch rather 


The A-Fleet Today than through NRB, 
fleet built, building or The submarines are of 
Nautilus, Se awolf, fleet-type attack 


vivantage. 


ent lin shielding weight} since 
tarted the |shielding research The nuclear 
be a factor of two.’’) authorized as today—assuming 


companies Westinghouse . (Congre 88 approve the 1958 shipbuild- radar pu ket hunter killer wick d-mis 


Klectric and Combustion ing program—comprises 19 submarines sile-launcher, and high-speed attack 


are acting as designers one cruiser and one carrier (see cover) Operational experience with the first 


vrs and prime contractors on plus a development project for a de two, already in service, is discussed be 


ulsion units, and the work strover-size reactor seyond the 1958 = low; the Navy’s plans and hopes for the 


out at three major building program, the only thing defi- others, and what they will demand by 


rol 


p 
‘ carried 


settis Atomic  nitely known is that the Navy intends way of reactors, are covered above. A 
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full nuclear task force of such ships is 


expected to be at sea by 1968 


Nautilus 
\ “a util “ik 


success is already well 


The story of spectacular 


After 
having steamed 69,138 statute miles 


Known 


during 5,393 hours underway in 26 
months (39,738 of them during 3,065 
hours submerged on 859 dives), the 
A-sub had her first 
moved at her builders’, the 


eore re 


Klectric 


pioneer 
Boat division of General Dynamics at 


Groton, Conn, She now cruising 


vhich West 
efficient 


| 
the Pacific on a new cor 
inghouse SaYS I8 eVen more 
than the first and represents a ig 
nificant advance It i iid to have 
Although the Na 


has published reams about her reactor 


cost $2.2-million 


powered = galley washing machines 
jukebox, TV and movi ill but the 
galley unprecedented in a sub), her 
speed, horsepower and reactor details 
The 


has said only that she ean do 
and that 


are of military secrets 


Navy 


“over 20 knots” 


course 


submerged 
she has averaged 20 knots on a sub 
merged run from Key West to New 
London, Conn. Occasional driblets of 
technical data filter through, as when 
Admiral Burke told Congress the 


reactor 


tem 
perature rise across Nautilu 
is 33° I, 


years will pass, 


But probably quite afew more 
Vautilu 


before i 


and reactor 


will be obsolete complet« 


technical description is available 
Nautilus’ land-based prototype, the 
veteran STR Mark [ in the Idaho 
desert at AEKC’s National Reactor 
Testing Station, has fulfilled its 


origi 


nal functions: to prove nuclear power 
feasible for naval vessels, to find and 
eliminate design deficiencies in Nauti 
lus’ plant, and to train her crew. Now 
redesignated NRE for Naval Reactor 
Facility, the unit i ed as a 
test 


ments in the technology, design 


facility to study new develop 
and 
improved pressurized 
water plants. It also got a 


after the first had operated 245 year 


operation of 
new core 
The new core gave a stunning demon 
stration of the endurance of nuclear 
powered ships by running non-stop 
for 66 days, long enough to have gone 
twice around the world 

Although most celebrated for her 
endurance, Nautilus has 
brilliantly on maneuvers and is forcing 
—and helping—Navy 


rewrite the book. ‘‘ Perhaps the most 


pertorme d 


tacticians§ to 


significant aspect of the performances 
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U 1S FOR URANIUM IN THIS U-BOAT. 


Stern view of Navy's third nuclear sub, Skate, taken 


an hour before her launching May 16, shows twin screws, stern diving planes, rudder, and, 


canvas-covered between props, her after torpedo tubes. 


of Nautilus has been her reliability 


Navy 


Thomas has 


( harles Ss 


50.000 


secretary 
“In 


her engineering plant has not experi 


former 
said miles 


single .disabling casualty 
Vautilus’ 


determine than her speed—even the 


enced it 


cost may be harder to 


Navy itself admits it may never know 


just how much the big sub cost 
$55-million was the figure used in the 
press when she first went to sea Jan 
17, 1955. 
told Congress the “original cost 
$90-millions What 


difficult is that one must distinguish 


But since, Sec. Thomas has 
’ was 
ibout makes it 
whether one is counting total amount 


spent from start of a project to com 


missiohing Of &@ ship, including land 
prototype, metallurgical research, ete 
or whether one is just totaling price-tags 
on each tangible item in a ship 

What is that 
already slowly 
Admiral Rickover thinks they will con 
A-sub costs only 
diese] 


Congress 


certain 18 costs are 


starting downwards 
tinue to fall until an 
boat. 
this 
clopment 


$10-million more than a 
Admiral told 
year that ‘‘the intensive de 


Mumma 


of nuclear power for ships has cut the 
price of their atomic power more than 
in half 
about 


nuclear 


Comparatively it costs 


times as much now for 
fuel, than it 
a straight mile-per- 


first, this 


three 


power does for 


ordinary fuel, on 


mile basis The renuson is 


To right, Skipjack is building 


a brand-new technology; it 18 not 
fully developed We have the 


careful single-time 


also 
necessity for very 
processing instead of mass production 
techniques. So that we expect in a 
the fuel costs 
identical. We 
fact that in 10 


years nuclear power will be cheaper.” 


few years we will have 


where they are exactly 


hope as a matter of 


Seawolf 
The Navy’s second nuclear sub has 


been at sea almost six months after 


long delays due to corrosion leakage 
in the steam generators and super- 
heaters caused by high gamma activity 
from the primary coolant, sodium 
Admiral Burke told 


with her superheaters bypassed 


that 
Sea- 


( ‘Ongress 


wolf is operational but limited to 80% 


of designed horsepower rating and 


90% of designed maximum speed 
Admiral Rickover has said “it is prob- 
able that Seawolf’s sodium-cooled plant 
will have to be replaced with a Nautilus- 
type pressurized water plant.’”’ How- 
Navy 


decision has been reached 


ever spokesmen say no final 
and in any 
case it is unlikely that such a change 
would be made until Seawolf has ex- 
hausted her present core “Even in 
Admiral! 
better 


of our conventional- 


its damaged state says 
Mumma, ‘‘Seawolf is a 


marine than any 


sub- 


powere d submarines os 
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AK 


peater 


undertake 


Known 


tw A-subs 


WOrk 


(Comm 


reason es 


nt 


or rie 


I 





officials have 
that 


plant designs w 


Nav \ 


pointed out when 


onsidered, sodium appeared 
antages over water ¢ 
the 


eral ad\ 
nt including of 
ight 


n ind that the two plants w 


promise 


and 


n simultaneously because 
nuclear-powe 
and it 


to deve lop uv 


was great was 


arin 


with 
the liq 


However “even sa 


it exe hangers, 


um stem does not prove to h 


performance ady 
for shipboard that 
‘ hoped for it,” said 
W. F Libby. 


the gamma 


Ve ght ind 


use 
A 
s—roner 


in high 


improving pl: 


re- 
the 
ere 
to 
is a 
re- 
ant 
ere 
the 
red 
not 


then that either type would 


tis- 
uid 
ave 


were 


KC 


ray 


ties of the liquid sodium coolant 


difficulties which result f 
leakage.” So the N 
cooling 


the 
nor 
ibandoned sodium 


yard use 


rom 
avy 


for 


at the same time point- 


it that the project has already 


off in data obtained applicabl 


e to 


iircraft nuclear and civilian power. 


S 


Apr 


was 


NU, 


eawolf’s own prototype plant 
ect to corrosion leak trouble, 
been deactivated { 
7, 24 


Neutrons in the Navy 


Vautilu I 
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ome ol 


the greatest advantage 


are sometimes 


power 
perhaps because of their 
ness. Thus it is not merely 
endurance that nuclear pe 
na 
ny imong the 
kiven 


oncel 


important 


Is 


more 


vable before Fert 


‘8 ol 


over- 


very 
the 


wer! 


essel that is the cause for 
Navy's strate- 


the 


nl 


nips cruising speed equals her 


Where a user 


it full power from 20% t 


1% of the 


ecd ship 
time (because f 
onsumption increases as the 

speed fi reactor-powered 
erate at full power 80, or 8 

Submerged s 
World War II 


ordinary 


ol the time 
onventional 
3 knots under ee 
ind it could travel for only 
full speed of 8&9 knots 


al steam plant in a su 


' 
( ( 


laho prototype ran 
stop at full speed. All 
itions of what this will mes 


»perations takes an effort of 


nor 


gination to grasp 


1 to 
oO as 
ossil 
cube 
ship 
5, or 
peed 
sub 
mnidi- 
one 
A 


riace 


er ran more than 12 hrs 


at full speed in wartime. 


1.600 
the 
in to 
the 














But it also imposes a new condition 
If ships are to operate at top power 
90 of 20% of the 


conventional components 


instead time, ob- 


viously 


not only in non-nuclear portions of 


the propulsion plant, but throughout 
the entire ship—must be able to meet 
the new burden. Filters, strainers, 


alves 


will have to be improved if they are to 


burners, pumps, \ bearings 


stand the strain. This is one of the 


greatest challenges facing industry. 
Admiral Rickover has already pointed 
out that the reliability of conventional 
components in reactor plants is one of 
the softest spots in the development of 
NU, April 78) 


utilization 


nuclear propulsion 57, 
Besides the full 


speed, nuclear power holds out other 


ol top 


technical and economic advantages to 
the Navy. As Admiral Mumma listed 
them for NUCLEONICS, atomic energy 
cuts forever the apron-strings that tied 
a ship to within a specified distance of 
a specified point It 
topside of the clutter of 


its fuel depot 


clears ships’ 


uptakes and intakes, space that can 
now be properly utilized for improved 
radar and weapon equipment, giving 


the ship greater resistance to atomic 
It 


better internal 
ol 


wartare., also makes 


disposition possible elimination 


fuel bunkers means a major reduction 


of fire hazard. Vulnerability below 
the water-line is reduced, ability to 
resist battle damage of all kinds is 


heightened; the new machinery is more 
self-contained, Reactorshielding helps 


act armorplate against actual 


iis 


physically-inflicted damage, so that a 


reactor is “‘a pretty damn rugged, 
robust piece of equipment”; and 
furthermore, its vitals are further in 


from the ship’s skin 

‘All these things 
Admiral 
cludes, ‘‘to warrant going ahead with 


are now sufficient, 


we consider,” Mumma con- 
nuclear power in spite of the fact it 
weighs a little more and costs a little 
Weight 


We think we’ redamn lucky 


more will soon be competi- 
tive, I feel. 


getting it for a few cents per kwh.” 


; 
The Navy-Builders 
Nuclear 


problems as well as great opportunities. 


ship building new 


POSES 


For one thing, there is the problem 


of plant capacity. There are not very 


many companies equipped to fabricate 


reactor pressure vessels of 8-in, steel 
plate; until now Babcock & Wilcox, 
Combustion Engineering and Foster 


Wheeler have been just about the only 





ones. Some industry observers have 
raised the question whether the im- 
mense machine tools needed for su h 
work may not already have been con- 
flictingly scheduled in advance to work 
on different vessels at the same time 
However some help is on the way with 
the entry of New York Shipbuilding 
Co. into the Pressure-Vesse | fabricating 
field (NU, Aug R9 
may be expected to follow 

What impact atomic energy has on 
Carleton 


D6 and others 


a shipyard is well told by 
Shugg, a former deputy general man- 


ager of AEC and since 1950 general 
manager of Electric Boat, builder of 
all of the first five prototype A-subs 
The primary effect, as he sees it, is on 
personnel, During World War II 
EB had 9,000 employees at its main 
plant including less than a dozen 
graduate engineers, Today it has 
5,800 employees and 350 engineers 
Leadership has shifted to younger 
men—from men over 50 to men under 


50 or a good deal younger still. 



















SKIPJACK’S tear-drop nose will not even be 
encumbered by bow diving planes, moved 
up on conning tower. Sketch shows single- 
screw speedster inher element—submerged 


Certain special technical groups, 
such as shielding engineers and system 
control men, have had to be added to 
those usually found in ashipyard design 
force. “The problem of building up 
increased technical capacity and effee- 
to 


the groups engaged on systems engi- 


tiveness has applied particularly 


neering, systems control shielding, and 


calculations including special 


to 


stress 


attention transient conditions 


Shugg explains. As an example he 
cites a pipe stress calculation group of 
25 headed by a D.Se. for methods 


and a D.Se. for programming, working 
on a two-shift operation, in conjunc- 
tion with two IBM-650 computers 
Full-seale wooden mock-ups have to 
be used to a much greater extent, espe- 
to out accessibility for 


cially prove 


Con 


tinued on p. 126 


71 


















NEW WAYS IN 
lsotopic Analysis of Uranium 


By J. E. LOVETT and J. O. ROBERTS 
U.S. Atomic Energy Commission, Washington, D. C. 


Equally precise but less expensive methods than mass 
spectrometry are needed for isotopic analysis for U*”. 

Emission spectrography, neutron activation and gamma and 
alpha counting are promising as alternate approaches 


“As a reactor fuel fabricator, nagement, as one of 
how can I be sure that the en functions, ensures that re 
riched uranium I received from ‘" uch materia 
the AEC has the isotopic compo- °° "ec 0" 
sition specified?” ...“I han- “5% and preci 
dle several different enrich 
ments, and one of my men may sllaaass tii tan 

have mixed some. How can I 4... joquires an initial o 

check this?” ... “As a proc $50-100.000. To cove tiie 
essor of irradiated reactor fuels, nge of 0-100% 1 the $100,000 
how can I determine the iso- figure is probabl minimus Dhe 
topic composition of my re 
ceipts?” ... “I would like to 
offer commercial analytical serv 
ices to the atomic energy field. 
How does one determine U AEC contractors to 
content?” er EOD MOT 


measurement 


to the dollar Liu 
Che standard method 


erable preci 


These question Mass Spectrometry ( urface 
\la spectrometry I hg rt CoO t eter eliminate thie 


Ul’g samples, is capable ! ig re i one instrument 


lem presented in the 

of irradiated and ur 

fuels The probl ! i re ain on measurement otop or ! e entire 

cult by the need ‘ nondestructive entrations in the range 

analytical technique be measured with a 

be in the range of | byt & or within +0.05% f ones F e gas trument but 

methods should be isetu er rations above 50% In ro n ist re accurate for absolute measure 

range of 0.6-900% or or r ions of that qualit e not main ent of isotopi 
The AEC Division of Nu il ite tained but, rather, vary from o te {. F. Smith (Union Carbide Nu 
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TABLE 1— How Methods for Uranium Analysis Compare 





METHOD RANGE PRECISION ADVANTAGES DISADVANTAGES 





Mass spectrometer 0 — 100% £0.02 — 0.05% relative Covers entire range; $50,000 — 100,000 initial cost 
or better best available precision 





Emission spectrograph Lower initial cost paenee es at low 


Echelle 80 — 100% +0.2% High dispersion Echelle patterns are not 
0.2 —2.0% t0.06% easy to interpret 


Jarrell-Ash 80 — 100% £0.3% 
Eagle 10 — 85% ~t04% ——— —_—_——- 
B&l dual grating 0 — 100% More readily adaptable to photomultipliers 


Neutron activation Has been studied 1% relative Inexpensive, especially Moderate precision; 
a at if gamma is interference from impurities 
< 








Selective gamma-ray <2%, >80% £1.5% relative a Low precision 
counting 





Neutron absorption Primari 1% Requires reactor as 
80 — 100% neutron source 





lero-power reactor 0 — 100% Not fully evaluated ~ zere-pewer reactor 
control rod 


has estimated the cost of a permanently mounted, so that use of the Ash, the Littrow echelle grating and a 
trometer laboratory having spectrograph for isotopic work does not 21-ft Kagle being the most common 
nstrument. He assumes a impair its usefulness in impurity  spectrographe 

d that all determina analysis Brody Tomkins and Fred Argonne 


nve x to 3x, where a The cost, including a custom-built National Laborator Lise ' saird 


um Isotope composition photometer ] pproximatel one-fifth S-meter spectrogt iph fitted with two 


Not including overhead that of the ma pectrometer. Since photomultiplier tuly With one tubs 
$0.56 per determination most commercia laboratories either fixed on an unresolved line as an inter 
sample would require at have or have uses for a suitable spectro nal standard, the other tulx ime the 

leterminations He quotes graph, equipment costs for isotopir region of the resolved line pair \ 
it $50,000, assuming suit work would be even | ratio recorder 18 used to trace relative 
ind utilities to be avail Precision is not as good as that at intensiti with peak height minus 

s required are air condi tainable with the ma pectrometel background being used for analysi 

i stable power and a but is ample for 0 vork, including In the second order, resolving power is 

tem Not essential process contro extra effort, re about GO.000 | ng either uranium 
ire compressed air, oxygen sults comparal 0 those with the mass metal electrodes or an iron hollow cath- 

For health and safety rea spectrometer ‘ d be attainable in all ode loaded with uranium metal, the 

a required for sample isotopic range estimate 20-30 determinations per da 

In 1947, D. R. Long and D. D. Smith Loading with UO. some 20-30 min ji 

ee Oak Ridge) reported differences in the required to obtain suitable intensities 
Emission Spectroscopy are spectra of | ind Several A single trace in the range of natural 
1) te the problems introduced by hundred line pairs have been identified uranium (O.7115% | to about 5Y 
emission spectrograph has and measured, but the pair most com "2 can be analyzed to O16 wt Y 


' 


intages in isotopic analysis monly emploved in sotopi analysis is I Above 00% U? trody and co 


ip 
mercially available spec $244.372 A for | ind 4244.124 Afor workers measured the 1 content to 

are adaptable, the most { tO1L% U? 
on adaptation being the use of Procedures il wecording to the Kupel and Tich General Kleetric 
ultiplier tubes to replace the instrument available and the isotopic Co.) use a 21-ft Jarrell-Ash to deter 


raphic plate. This need not be range being measured, with the Jarrell mine isotopic concentrations in the 
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range of YOY, | 
[ oon by 


with a 


Vogel Mallinckrodt 
W orks also 
echelle 


tople 


comparing 
1261.51-A 

U2*4 js obtained by a 
the | 


suming 


employed the Littrow 
combination to determine iso 
compositions in the range 0.7 
is obtained by diff ah U3 He was able 
that only 
are present 
Murphy (Metal! 


analyzes uranium 


to reproduce 


sults with an accuracy of +0.06Y% 


MacIntyre 
a 21-ft Kage 
M ith a in. 15,000 line In, Con 


and Union ¢ arbice 


ar Co.) use spectro 


a Littrow prism graph 


with a Bausch and La ‘ i 


ing. With this ti , 405 


persed in 


¢ grating to periorm isotopic analy 


in the range 30-60% | As at 


two clirection Argonne photomultiplier tubes 


greater dispersion a ubstituted for the photographic plat 


length coverage \ le r Using a 50-micron entrance slit and 


to compare the | 


100-micron exit slit, they found that 


with a | line at 14% of the 


+0.2% l 


‘ 


U*** light was collected as 
With the photomulti 

position to collect | 

) of the U*** is collected as 


sion ol were { 


routine conditions of up to twen in 
analyses per da 

U*"" problem. 
tance of variou On thirty-two samples in the range 
piles varies widel 1 O iting 10-85% U? they agreed in all cases 
vithin +0.40% 


trometer values 


conditions, but as a with mass-spec 


of the U? CONSUTCE Above 60% U? the 
U246 and does not unders ion f *® problem became important, and in 
30-60 % 


or better 


the decontaminated fue! hen passed the range 


+ O.10% I 


agreement was 


through a cascade For example 


27 ¢ 


may occur, depending on thi on twenty-five samples at about 37% 


cade conditions Since fa { the largest deviation from the 


neutron absorber, its presence in rea mass-spectrometer value was found to 


tor fuel is undesirable. and owled he 0.08 


( 


At the Akt 


rator 


ol its concentration 
With the mas 
no more problem than an ( feasibility of extending thi 
with the 


s New Brunswick Labo 
preliminary work indicates the 
method of 
sis to as low as 0.1 or 0.2% 1 


"notonly i { ( ! by the use of a Bausch and Lomb dual 
is difficult grating spectrograph It also appears 


[246 VMurphy note 0 possible 


per trome 
tope but nal 
graph, | 

mine but 


to estimate | if the present 


with about 0.5% | bili ti photographic plate can be replaced by 
V0 % | 


mensure i photomultiplier-tube arrangement 


ing mass-spectrometer Atomic Corp 


his Littrow 


Owen (Goodyear 
standard 
tion 
FO5% I 

In an alternati 
Ibert 


concentration of 





was capable of 

TABLE 2—-Uranium Isotopes Having 

Half-Lives >1 Hr 

used an 
\ pparent 

Vode 


oOo! enerqy 


decay If-l V en 


U2%) he found a alpha 
not measurable 

line image was ver 
tle work to 


hopes to bye able to 


reduce 


directly 

Wheeler of the Idal 
Phillips P 
Murphy's invest 
Ebert. Using 89% | 
Ue 15% I 
microphotome ter tra 


essing Plant 


leled 


and 


a usable U2" line 
is still in progre 


precision are not vet 


74 





ment lead or other 


S50 000 


going for the neutron 


required 


$3 per analysis for 


on a direct reader to be used 
al spectrographs In 

the spectrum is repeatedly 
inned with a single phototube assem- 
and the resultant voltage pulses of 


per tral lines are elec tronically isolated 


Intensity ratios are read directly 


Neutron Activation 


When a known amount of uranium 


bombarded b thermal neutrons 
number of fis- 


indicate the 


1 measurement ol the 


ions per unit time will 


{ concentration Procedures vary 


to the 


first a source of neutrons, second 
is to whether or not chemical se para- 
tions are required, and finally as to the 
method of counting the fissions that 
occurred 


Brunsw ICK 


\aron 


| tboratory Line uu 


New 
radium-beryvllium 
After 


neutron-induced fissions are 


Nel on and 
neutron source a 10-min expo- 
ure the 
measured by counting the gamma ac 
In the 
natural uranium 


+ 0.04% I 


t ty of the fission products 
ipproximate range ol 
precision was 
New Bruns 
vick procedure Beyer, Lewis 
National Lead 
obtain it pres 
O.O1LY | Phe criticall 


(1 the 


In a modification of the 
and 
Stukenbroc ker 
vere ible to 
Variables involved cone! 


* most desirable operating 


500 mg | 
| '4-dram 
vial 


) Thin 


Container 


Irradiation 


Counting period | after 30-se< 


lay 


oth procedures « mploy a 2.5-curle 


jr 


bervilium 2.5 gm Ra 


Source 
i bY Ina blo« kK of bery hum about 


on edge rhis is surrounded 


20 in. of paraffin, followed by suffi 


hielding to protect 


personne! 


At National Lead, however 


sutomatic timer and transport stem 


ised to control irradiation, delay and 


ounting times more accurately than is 


ossible with a stopwatch Cost ol 


juipment tor this procedure is about 
with slight! over half ol this 
oures tunning 


nalyses in quadruph its one person 


complete eighteen analyses per day 


impurities seriously affect the 


18, Sample preparation may be 


National Lead 


pure 


estimates 


material and 
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must first be extracted 
viyear Atomic Corp.) uses 
um in a source of about 
itrons/sec. Depositing 8 
nickel disk, he 
simultaneously 
0.5% | to 


btaimned 


' 


itii on ii 

sur disks 

routinely over the 
range 

irge part ol the cost for a 

tivation setup is in shielding 


wedure offers advantages to 


ilready planning gamma- 
facilities Ra-Be sources are 
possible neutron sources 
rs may be much che aper 
efficient. Neutron activa- 
iffers the possibility of using a 
i from a reactor (or critical 
but other procedures may 
ore attractive, as described 
iny event, 
resently 


g less than 5% U*4 


neutron activa- 


limited to samples 


ul Turk (Phillips Petroleum 


ite small samples (~1 ml) 
Materials Testing Reactor 
three different test 
10 and 10! 


min irradiation, followed by a 


holes, 


n/cm?*/sec 


the delayed neutrons are 
for a 3-min period, The pro- 
letermines the total milligrams 
» determination of percentage 
tion is dependent on a knowl- 
the total uranium 
itte and Brooksbank (ORNL) 
uranyl nitrate solutions for 
10'' n After 
the Ba'® and Np? 


conventional carrier 


it 6.5 cm?, sec, 
decay 
irated by 


ies. By 


rd, irradiated at the same time, 


comparison with a 
is determined with an accuracy 


0.015% Il in the range of natural 
uran 

Nondestructive tests for fuel ele- 
ments. In the fabrication of reactor 


elements, including subsequent 
ng of the elements prior to load- 
i reactor, there exists a definite 
for nondestructive analytical pro- 
not only for total uranium, but 

r isotopic composition, 
the Materials Testing Reactor, 
Hogg and Turk have developed 
lestructive procedure for ana- 
fuel They 
ite assemblies in a thermal-neu- 


ntire assemblies. 
beam from the reactor and meas- 
ure the fast fission neutrons produced. 


Analysis is strictly empirical, done by 
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comparison with a standard, but could 
be modified by preparation of a curve, 
since the important quantity is the 
thermal neu- 
Although they use a 
MTR, the 


should be adaptable to relatively small 


ratio of tast neutrons to 


trons. neutron 


beam from the procedure 
neutron sources 

A BF; neutron-counting tube in the 
beam hole of the reactor measures the 
flux 
tested 


beam two 


incident on the assembly being 
At right angles to the incident 
BI tubes are mounted in 
filled 
serves to 
while the 
last neutrons to near 


they 


boxes with 


cadmium-covered 
Th 


thermal 


paraffin cadmium 


attenuate neutrons 
paraffin slows the 
thermal energies so can be de 
tected by the BI 
highly enriched uranium is within 1% 


The estimated cost 


tubes Accuracy for 
not including the 
neutron beam, is $3,000 


Remley 
ternational 


and Engholm (Atomics In- 


* have adapted a zero- 
power reactor to nondestructive test- 
ing. Reactor instrumentatian is set to 
maintain a constant neutron flux by 
regulation of a calibrated 

Thus the 


trol-rod position lue to insertion of an 


automatic 
control rod change in con- 


“unknown” can be compared to the 
change caused by insertion of a physi- 
If all other 


difference 


cally identical standard 


factors are constant, a | 
of 0.0009 wt % can be detected in mate- 
rial at 1% I 


Although on first inspection it would 


concentration 
seem that procedures requiring a reac- 
tor would be prohibitively expensive 
the procedures have two distinct ad- 
First, the material 
destroyed. With 


cated fuel elements this is a very impor- 


vantages being 


tested is not fabri- 


tant consideration Second, small re- 
search reactors have innumerable uses, 
and a company having a reactor can 
adapt it to isotopic analysis at very 
little expense and without affecting its 


utility in other projects 


Gamma Counting 


All isotopes of uranium are naturally 
the 0.184-Mev 


gamma is the most convenient analyti- 


radioactive. For U? 


cal tool. Upson and Miller (General 
Electric Co.) and Reynolds and Eld- 
(ORNL) all investigated 
gamma-counting procedures, 
cedure involves counting the 0.184-Mev 


ridge have 


The pro- 


* Aerojet-General Corp. has developed a 


very similar technique for ite reactor 


(NU, June "57, p. 134 


gamma either alone or in proportion to 
a 0.10-Mev gamma Accuracy can be 
better than 3% of the l 
tion with a sample volume of 2 ml At 


ORNL it decided that 


should he extracted to remove 


concentra 
was amples 
daugh 
but at GE the circumstances were 
different 


not considered necessary 


ters 


slightly and separation was 


Alpha Counting 

In a somewhat related procedure, H 
Smith Alamos 
alpha-pulse analyzer to determine most 
of the 
cision and applicability of this method 


Louise (Los uses an 


uranium isotopes. The pre 
depend on the relative abundance and 
half-lives of the isotopes in the mixture 
and the spacing in energy of the charac 

teristic alphas emitted by the isotopes 
The alphas should have energies differ 

ing by 150 kev or more to distinguish 


accurately between the groups 


For example, | emits an alpha 
with an energy between those of two 
Tabl 2) 


alphas emitted by U** For 


this reason, unless the | is relatively 


abundant it cannot be detected in a 
mixture containing | 

The alphas emitted by isotopes hay 
half-lives 


whose concentration is low in compari 


ing long such as U*"*, or 


son to other isotopes in the sample, may 
not be distinguishable in the spectrum 
(ther methods are then used to detect 
such Conversely) trace 
with a short 


deter ted 


isotopes 
amounts of an 
half-life 


by alpha analysis even when all other 


Isotope 
such as | can be 
methods including the mass spectrome 
ter fail 


A Look Ahead 


It appears likely that the mass spe 
trograph will continue to be the stand- 
ard method for time to come 


Botie 
For destructive analysis, the emission 
spectrograph is in common use, and it 
seems likely that its U*** problem will 
Reactor fuel 


elements and other materials requiring 


be resolved with time 


nondestructive analysis present a diffi- 
cult problem, with the zero-power reac- 
tor appearing to be the most probable 
solution. 

None of the methods is inexpensive, 
nor does it appear likely that an inex- 
pensive method of analysis will appear 
soon. Much remains to be done, but 
the direction of effort is to a large ex 
tent dependent on the conclusions of 
the reactor technologists as to the type 
of reactors to be built 
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ood-Irradiation Reactor 


This conceptual design uses an MTR core and an indium-sulfate blanket 


that circulates to an adjacent 3,000-megarep-ton/day irradiation facility 


By D. T. BRAY and C. F. LEYSE 
Intery é f par f / 


ln Army ()1 ARTI 1 4, Dos iiation 


been mnvestigatin f ‘ I t i yi figure 


Using JOonizZinw ra 


food since 1083. At 4 ' Conceptual Design 


research large our f \ onceptual ade 


needed for pilot f tu rradiator tem to meet 
po ible sources " f ister Corp require! 
our compan va g. | Che reactor | 


I ] 
make a preliminar ounded b i 


Oct. '56, p. R-5 m sulfate 
Briefly, primar 
- Pros Mg © 
hrat a dose of Z 
ergs, gin that 
& megarep-tons/ hr 
2. Maximum a 
foods of 24 min 


3. Maximum int 


on, d tt long 
Liltniniulin pr 


I, and 


FIG. | System uses blanket that beco radioactive in reactor, then flows to food irradiator: 


——— ~— 
Conveyor 
Primary - 


coolant outlet . : Reactor cover 


Upper tank 





Core tank 








Blonket 








Thermal shield 








Food containers 


. | _Ausitiory= ‘s 
Primary~ A coolant outlet lab irradiator 


coolont inlet 8 





Flow~-rator 





Circulating pump 


Shield tonk~ 


_--_ oe Control-rod drives 





levels in the reac- 
for the primary- 
equipment, in- 
i heat exchanger, 
ition equipment, ete 
Radiator building. 


this building is the radiator 


Immediately 
It contains four gamma Ir- 
| the equipment associated 
iting the indium-sulfate 
Located at the lower level 
tanks for radioactive indium 
d cleanup solutions. The 

with the 


m is located in the equip 


ment associated 


The radioactive equipment 


| 
er level 


ind that equipment 


t radioactive is in the upper 


offset to one side 


tor pool Is 


This dec reases 


nal 
tor Duulding 


the building necessary to 


rking space around the rea 


radiator building are pits 


Im-system equipment and 


irradiator cubicles. Two 


rradiators and two drum 


liators are shown, 


b-type irradiators are pro 


rradiation of food in boxes 
and 


ef, whole hog carcasses, 


shape d articles in bas- 


The two drum-type 
provided particularly 
rradiation of number-2 cans 
mber-10 cans \ 


ibout 3'56 in 


number-2 
in diameter and 


ong 


FIG, 2. 


Core is designed with enriched fuel, aluminum filler blocks to 


Each drum irradiator consists of a 
series of parallel tubes through a drum 
containing the indium-sulfate solution 


The 


tages in that relatively low 


drum-type irradiator has advan- 
maximuMm- 
to-minimum dose ratios can be obtained 
ilso that 


in the products, and reason- 


ably high reactor-irradiator efficiencies 
achieved th 
The nu 


tubes 


can be relatively short 


) 


dwell times nber-2-can irradi- 


ator has 61 paral irranged ina 


triangular lattice Hach tube contains 
weight of food in 
the drum of appre mately 1.200 lb and 
a dwell time of 24 min for 3.000 Ib/hr 


Although a 


15 cans giving a total 


Power level. reactor 


power level of only 10.5 Mw is required 
to meet the production requirements, 
the reactor is designed for 20 Mw, first 
to account for uncertainties in the de 
sign and, second, to permit more rapid 
startup of the reactor-irradiator sys 
tem For example operation at nor 
mal power for 5 hr is ne iry to reach 
ition in the 
le vel 


er, the time required 


95% of « juilibr 
indium solution at the 10-Mw 
At 20 Mw 


to reach the 


howe 
required activity level in 


the indium solution is less than an hour 


The over-all efficiency of the reactor 
irradiator compl nd thus the reactor 
power required to meet 
are affected by 


these 


specifications 


many parameters In 


brief include the following: (a 


reactor-core SZ shape and composi 


tion, (b) blanket thickness and volume 


c) density (concentration) of indium 


sulfate solution, (d) irradiator volume 





available 


TABLE 1—-Reactor-Irradiator System 


Design power 20 Mw 
Normal operating 

powe! 10.5 Mw 
Power absorbed in 

food i kw 
Over-all plant 

efficiency 0.0607 
Output } megarep-tons/hr 
Diameter, equivalent 
14.0 in 


oO In 


circular core 
Height of core 
Metal-to-water 
ratio (avg 
‘content of new 
clean core 11.4 kg 
Cold clean critical 
U*4® mass 6.0 ke 
Operating pressure 150 pag 


Coolant inlet tem 
perature at 
reactor 

Coolant outlet tem 
perature 190" | 

Indium-solution 


density 1.4 gm/em 





and geometry e) volume of 


heat 


pumps 
valves exchanger et im the 


blanket-irradiator system 1) volume 
and geometry of food packages Para 
metric studies involving these 
ties led to the 
blanket 


irradiator dimensions 
Why This System? 
Five 


quanti 
selected reactor core nd 


dimensions ind gamma 


basic types of gamma rays are 


from a reactor, system 


increase number of blanket neutrons 





prompt, capture 
sion-product, and b 
Altogether 6-12% o 
appears as gamma 
only the gammas th 
occur long enoug! 
event that produce 


their use fror 


away 
include fission-prod 


and gammas from 
radioisotopes such 4a 
in the proposed ce 
Direct core gam 
by filtering out neutror 
shield, This is inefficient 
photoneutron production 
contained in the water be 
dominant for shields t! 
em and limites garmn 
to ~20,000 1 With 
ness a 750-Mw reacto 
36 megarep-tons/ hi 
Fission product adecn yammas 
be used as direct core gammas or take 


f 


from spent fuel elements, separated 


sion products circulating fuel, or gase 


evolved from homogeneous reactor 
The last two are discussed below 
Circulating fuel. The possibilitic 
of homogeneous reactors can be illu 
trated with aqueou tem I 


circulating fuel is plagued by the neu 


Here the neu 


tron-tolerance problen 


tron source consist 
multiplication in the 
Chree 


them 


trons, neutron 
irradiator, and photoneutrons 

possible arrangement uggest 
selves: (a) a direct irradiator 


wuariiin 
with too many neutron hy wate! 
irradiator, diseu 

vith a holdup 
The last 


inventories 


shielded 
ously, and (e) a tem 
tank to eliminate neutron 
system involves large | 
and large gamma losses because of the 
fuel in the holdup tank 


increase of neutron tolerances by 104 


In gene ral, 


10° is necessary before circulating-fuel 


irradiation can be seriously considered 
Off-gases. The use of 

from homogeneous fuel is more attrac 

About 40% of all fission products 


are off-gases at one time or other during 


off-gases 
tive 


their lives. However, not all gases are 


easily liberated from solution. The 
xenon and krypton are given up most 
readily, The 
energy in gas form is not well known 


about 0.25% 


amount of available 
but it is estimated to be 
of reactor power. The neutron flux as 
sociated with off-gases appears accepta 


ble. 


tage of wide energy spectrum giving 


The gammas have the disadvan 


problems in maximum-to-minimum 


78 


dosage ratios in food Since more ol 


the reactor power can be attained b 
other means with better dev 


this 


LOped 8 
tems, the use of source was not 


pursued 


Circulating Blanket 


Detailed consideration is 


given to 
the use of excess neutrons to produce 


yarmma sources One can ¢ pect to use 


ip to &@ maximum of 1.0 neutron per 
Highly 
otherwise | 


Ay ti 
plished in the 


nssion enriched fuel must be 


used will soak up the 


ation should be 
blanket \ 
gamma producer in the cor 
with | 4 lor 
the critical 


CACCSS accom 
parent 
compe te 
| his rust 

f 


imount ol 


neutron 
mass and the 
the gamma producer required 

One might use a homogeneous mix 
ture of parent isotope and core coolant 


Howe eT 


ol parent-isotope 


this leads to a large volume 
solution Decanuse ol 


In addi 
salts could lead 


heat exchanger, ets 


piping 
tion the use of soluble 
to problems of deposits on heat-trans 
fer surfaces, particularly in the core 
With leakage neutrons, however, the 
not have 


with it 


parent gamma producer does 


to compete with but onl 


FIG. 3. 


irradiators process food 


Plan view shows reactor building and adjacent irradiation facility. 
is offset in building to increase working space. 





AEC Lets FIR Contract 


On May 15, 1957, the Atomic Energy 
Commission announced through its 
San Francisco Operations Office that 
it had signed a $125,000 contract on 
a cost-plus-fixed-fee basis with Kaiser 
Engineers for research and develop- 
ment relating to the design of the 
Irradiation This is 
preparatory to engineering 
and construction NU, 
p. 28). 

The AEC plans to construct 


Food Reactor. 
design 


April °57, 


the 
reactor at the Sharpe General Depot, 
Stockton, Calif., as part of an ioniz- 
ing-radiation center. 





ne ompound affilates and the moder- 
itor and structural materials By suit- 
bbe adjustment ol dimensions 


nears all the 


core 
exce neutrons can be 
leak out of the 
Also the 


produc er 


made to core into a 


I amount ol 


outside the 


lanket parent 


LTT Nia gamma 
irradiator can be kept small 

lor the given specifications, the use 
of a blanket system is clearly indicated. 
The choice of a 


eore type to produce 


Reactor 
Two slab irradiators and two drum 
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ss neutrons is nearly independ- 
he blanketsystem. Many types 
in be used to produce the 
leakage. 
s point one must consider vol- 
ency, defined as the ratio of 
nber of disintegrations occurring 
rradiator to the total number of 
rations of the gamma emitter. 
tio must be high to obtain rela- 
gh over-all efficiencies. 
ycle time is short, say less 
f of the gamma emitter’s half- 
ime efficiency is essentially 
the ratio of the respective vol- 


Thus blanket 
ngly favored, and the use of 


small volumes 


es is indicated, This, in turn, 
fully enriched, light-water- 
Be- 
engineering 

rent we chose an MTR-type 
However, at much higher pro- 
the use 


ind -cooled reactor. 


the stage of its 


on rates of a liquid- 


blanket be- 
larger 


beryllium-oxide 


attractive since 


mort 

inket volumes can be tolerated. 

The combination of dose, dwell time, 
throughput dictate a small gamma 


tor The 


enecy limits 


requirement on vol- 
the amount of 


il outside the irradiator. 


Choice of Parent 


a list of the most in- 
the blanket to- 
vith the more important proper- 


gives 
elements tor 


ting the choice of a satisfactory 
The 


listed in order of the gamma 


gamma _ producer, ele- 
ailable per neutron absorbed, 
the first criterion, 

absorbed effectively, the fast 
itrons must be slowed down 
None of the ac- 
the 


mma producers in Table 2. 


energies. 
moderators is among 
ore moderator and parent gamma 
er must be mixed in some man- 
ot necessarily homogeneously) 
gamma producer must com- 
with the 


affiliates, 


excess neutrons 
its compound 
structural material present. 
eliminates consideration of 

m and speaks strongly against 
High cross sections are obvi- 
lesirable, and indium, with its 
urn thermal cross section plus its 
e peaks, stands out in this 
When 


considered 
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solutions of salts and water are 


solubility becomes impor- 





TABLE 2—Elements Promising as 
Gamma Producers 


Gamma energy ¢ apt are 
Half-life, 


important 


per neutron cros 
absorbed secti 
Element Ve isolope 
15 hy 
5.3 yr 
© he 
85 days 
54 min 
2.3 min 
14.2 he 
2.58 hr 
2.0 yt 
109 min 





tant. The higher the concentration 
the better the competitive position for 


The 


pounds of the interesting Isotopes 18 


excess neutrons choice of com- 


often limited. Lanthanum apparently 
cannot be used in solution form for this 
reason. 

One half-life. 
After a neutron has been absorbed in 


must also consider 
an isotope, that particular atom must 
be transported to the gamma irradiator. 
Half-lives of 


probably of little use 


than a minute are 
On the other 


half-lives, 


less 


hand, isotopes with long 
such as cobalt and scandium, present 
problems in startup and shutdown, 
The gamma spectrum affects the en- 
ergy deposit in the food. Gammas of 
too high an energy will go right through 
thin packages and deposit too small a 
Low-energy 


fraction of their energy 


gammas, on the other hand, deposit 
their energy at the surface and give too 
small a depth dose, increasing the maxi 
Thus 
the optimum gamma energy depends 
The 


more energetic is 


mum-to-minimum dose ratio, 
primarily on the food thickness, 
thicker the food, the 
the optimum gamma-—up to the 2.23- 
Mev threshold of deuterium where pho- 
toneutrons enter the picture and lead 
to induced radioactivity in the irradi- 
ated food. 

Of the elements listed in Table 2, 
indium, manganese, and possibly scan- 
dium and lanthanum appear to have 
the best over-all combinations of prop- 


erties for the present applic ation. 


Blanket Design 


The choice up to this point has been 


straightforward. The choice of an ex- 


becomes more 


blanket 


Systems 


act type ol 
involved, investigated in 
cluded indium salts in light and heavy 
water, manganese sulfate in ‘light and 
heavy water, liquid sodium moderated 
lesser 


with beryllium oxide, and, to a 


extent, the use of movable solid sean 
dium and lanthanum. Scandium and 
lanthanum do not look good in solution 
half-life 


bility problems, respective ly 


and solu 


but both 


systems because of 


may be interesting in a movable-solid 


system. Manganese and indium salts 
can both be considered in a solution 
type system although manganese prob- 
ably requires the use of expensive 
heavy water. 

There are several disad\ antages in 
the use ol solid scandium or lanthanum 
fis compared with indium or 1nhanganese 
in solution: (a) The startup time for 
the 
One may have difficulty obtaining the 
short dwell time for the food c) Ar- 


rangements of the solid in the gamma 


gamma ‘‘power” is longer. (b) 


radiator as a function of time to give 


proper maximum-to-mimimum dose 
ratios will give operational headaches 
(d) The gamma spectra of seandium 
and lanthanum are not as attractive as 
those of indium and 


Any 


essing plant would result in poorer over 


Manas (@) 
long shutdown ol the food proc 
all efficiency as the reactor must 
all the time, at least 


(f) The reactor-containment 


run 
with scandium 
vessel de 
sign will be more difficult because of 
the type of movement between radiator 
and reactor blanket 

On the other hand the 
has some advantages over the indium 
The 
danger of spills or leaks of large quan 
tities of 


solid system 


or manganese-solution system i 


radioactive material is much 


less. (b) Reactor operation may pos 


sibly be simple r (c) Seandium and 


lanthanum have more energy per neu 


tron absorbed (d) There are no 


corrosion, crudding, or precipitation 
problems. 
These 


important 


become 


food 


considerations will 
larger 


built 


more when 


irradiation systems are 


* *. * 


Thia work waa done unde mitre o the 
1EC, and the authora are grateful for permia 
sion to publish u The article ia 
paper presented at the Dece 
of the Nuclea Sociely The 
authora wish to acknowledge the contributiona 
of other membera of the aaff of Inte 
partu ularly G BE Putnam and W id 
Pearce, and the helpful itt 
ciam of the AEC and QM 

ciated with the atudy 


hased on a 


mber 1056 meeting 


A merwan 
clear 


commenta and ¢ 


personnel asso 
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REACTOR-IRRADIATOR SYSTEM has 17 
Mw reactor of 40-cm radius. Irradiator 
contains 1,200 liters of 
solution with a decay strength of .19 
x 10'' indium decays sec cm 


indium-sulfate 


Reactor 


core 


Heat exchanger 











Reactor-Irradiator for 


~~ Bionket 
500 liters 


* Cooler 
30 liters 


rradiator 
,200 


ai) 


/ 
4— Active loop piping, 30 liters 
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Meat 


Design considerations suggest the feasibility of a system 


using a low-temperature reactor, a slab irradiator, and 


an indium sulfate blanket to process beef at 1.6¢/lb 


By E. O. GUERNSEY 
Socony Molil Oil Co 
Paulsboro, New Jersey 


and R. M. BALL 
Babcock and Wilcox Co 
Lynchburg, ] iqinia 


A srupy or beef processing 
radiations has led us to th 
that such processing 

to produ 


satistactory way 


inket oluti 


tion 18 to activate a bi 


and circulate it to an irradiation fas 


The cost of such 


ing is at least competitive w 


(see figure) proc 
ator processing 

Our problem wa 
choice, conceptual ce 
tion of a reactor-irrad on tem ¢ 
able of 2-Mrep dos 
( 1.66 * 10° ergs en te SO.000 


of beef in 6 


delivering 


Operating time wa 


and processing time at 

Dose forevery portion of the meat proc 

essed was to be 100-125 % of the design 

figure 
We 


specification to meet was the 


difheult 
lO-min 


found that the most 


time Longer 


processing 


processing 
times lead to economiu ind do not 
otherwise appear to affect results ap 
Further 
ings can be achieved by designing for 
With 10-hr 


preciably. considerable sa 


continuous operation 


80 


day operation, xenon poisoning 1s 


nearly at a maximum when it is time 


to restart the reactor. Thus one must 


design for large excess fuel loading 


Costs 


We estimate beef sterilization cost at 


3.1 cents/lb in a system that meets 


(Juartermaster Corps specifications ex 
ept for having a 100-min processing 
operation ol the 


cost to 1.3 


Continuous 


time 

ime system reduces the 
cents /Ib If the system is sealed down 
to process continuously the same quan 
tity of meat as can be processed in five 
10-hr days per week, the processing cost 


1.6 cents/lb 


Irradiation Facility 


For mechanical simplicity and mini- 
mum self-absorption we chose a rectan- 
gular irradiator. The carton size, ge- 
ometry and permissible dose variation 
then determine the best method of op- 
eration of the process line Solutions 
for various types of possible arrange- 
ments led us to select a two-pass system 
the 


The cartons shift 


in which cartons pass irradiator 


twice on each side. 
without turning at conveyor bends so 
that both the 


( qually exposed 


sides of cartons are 


A disadvantage of the rectangular 
irradiation volume is the edge effect 
nonuniform dose resulting from limited 


SOUTCE- pat kage overlap and the escape 


of nonreflected pbotons from the nds 
the Analysis 


ids to a transcendental equation that 


package 


ind sides of 


can be solved graphic ally 


Reactor 
\\ { used ih 


pletely the volume and decay strength 


Vii em?’/sec) of active 


graph to specify com- 
solution re- 
The 


number of neutron captures required 


quired in our irradiation facility 
n the reactor can then be determined 
[t is proportional to the source volume 
times its strength divided by the vol 
ume efhiciency 

Another design consideration is the 
disposition of reactor heat. It can be 
dumped or used to produce power or 
the 


must be at 


process heat If it is to be used 


reactor coolant solution 


higher pressures and temperatures than 
otherwise, and fuel cladding must be 


zirconium or stainless steel. Our com 


putations show that the increased costs 
involved in making the heat available 


is power or process heat are greater 


than the credits obtained Beef-proc- 


essing costs rise to about 5.4 cents/Ib. 
* * + 


Thie study was undertaken as a 1955 sum 
mer problem at the Oak Ridge School of Re 
actor Technology Other 
sign group were T. V 
UcDaniel,G. T. Schnure 
R. N. Lyon, R. W. Peelle 
ORNL group 

s gratefully ackno 

dy arean ORNI 
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members of the de- 
Kavanagh, ¢ 7 
and C. E. Whittle 
and H. R. Zeitlin 
onsultants Their 
edged Full details 
eport CFP-55-8-190 





At Los Alamos you have opportunity to publish original research 


During 1956 research scientists at Los Alamos Scientific Laboratory submitted 402 articles for 
publication in technical journals and presented 126 papers at professional society meetings. These con- 
tributions to the scientific literature came from many fields, including some usually considered to be 
limited by classification. For example, the following are among the numerous recently published papers 
by members of one of the major weapons divisions: 


THe HYDRODYNAMICS OF A REACTING AND RELAXING FLUID 
W. W. Wood and J. G. Kirkwood, J, App. Phys. 28, 395 (1957). 


COMPRESSION OF SOLIDS BY STRONG SHOCK Waves 
M. H. Rice, R. G. McQueen, and J. M. Walsh, Solid State Physics--Advances in Research 
and Applications, Vol. 6 (In Press) 


PRECISION FLASH X-RAY DETERMINATION OF Density RATIO IN GASEOUS DETONATIONS 
R. E. Duff and H. T. Knight, J. Chem. Phys. 25, 1301 (1956) 


POLYMORPHISM OF IRON AT HIGH Pressurt 
D. Bancroft, E. L. Peterson, and S. Minshall, J. App. Phys, 27, 291 (1956) 


IMAGE QUALITY CRITERIA DERIVED FROM SKEW TRACES 
F. A. Lucy, J. Opt. Soc, Am. 4, 699 (/956) 


VISIBLE RADIATION FROM HELIUM IN A STRONG SHOCK Wavt 
G. E. Seay and L. B. Seely, Jr., Bull. Am. Phys. Soc. UW, 1, 227 (1956) (Abstract) 


Opportunity for scientific recognition is only one of the reasons why scientists enjoy working here 
Los Alamos is attractively situated at an clevation of 7,300 feet in the pine-covered mountains of 


northern New Mexico. Now an open city, it offers an ideal environment for enjoyable family living 


{pplications from qualified scientists and engineers may be addressed to 


e 
Director OF PERSONNE! 
e e Los ALAMOS ScueNTIFIC LABORATORY 
/ y) Division 1908 


Los Alamos, New Mexico 





| * 


/ . = fe 
+ scientific laborator Les Alomes Sclentife Leboratory 1s 0 00m ce 
service operation of the University of Catiforma 
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OF THE UNIVERSITY OF CALIFORNIA for the U. S$. Atomic Energy Commissor 


$ LOS ALAMOS, NEW MEXICO 
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Large-Sensitive-Area 
Portable Alpha Monitor 


By F. D. RYDER and H. V. HARDISON 
Instrument Development Di 
BE. 1. du Pont de 


Vemou a& Co tiken 


The portable alpha monitor 
described here provides 
tive area, compact and light welg 
needed for radiation-control and health 
physics monitoring 

The PAM housing is 6 in 
nin Fig. 1 \ 
5-in. photomultiplier tube 
Zns ( Ay) cintillator An 
Mylar (Wakefield Indus 
shield bonded to the 


in diameter 
and & in. high, as show 
s coupled to 
a 24-in’? 
aluminized 
tries) light 
scintillator, 
The photomultiplier feeds a 
Most of 


is contained in a pli 


count 
inge-rate cireuit 
iv 
Readout consists of a d 
and headphone » 
Photomultiplier high 
plied from a transistoriz: 
ply (Universal Atomir 
1000), powered by small 
The complete circuit i 
The instrument glice 
ings, which are 
thick, *-in 
support ring. The 


mountesc 

wide alumirt 

bottom 

the monitor is about 44 in 
Although the M 


will not resist abrasion, we e} 


surveyed surface 
trouble maintaining a 
Recently we made a 
screen to protect the M 
ment suffered ane 
sensitivity 

field ey 
marked 


Samson-ty pe sury 


In a tluation 


showed 


seven respects 
Response. The I’ 
rate was twice that of the Samson for 


AN net ng 


a 700-dpm plutonium soure: With a 
PAM indi 


on failed 


227-dpm source, thi ited 
~100 epm, whereas the Sat 
to respond, 

PAM 


tion was independent of a 


Position sensitivity 


position relative to the 
monitor's sensitive area 
had to be centered dire 


source 
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ion, Savannah River Laboratory 


South Carolina 


Continuous surveying. The PAM 
surveyed a flat surface continuously at 
had to be 
lifted and repositioned and thus gave 


2-3 in./sec. The Samson 
only a spot check. 
Shock resistance. The PAM 


more shock resistant than the Samson. 


Was 


It was also insensitive to electrostatic 
charges, air currents and motion, all of 
which affected the Samson 

Warmup time. No warmup time 
was required for stable operation of the 
PAM 
min 


Drift. The 


rhe Samson 


while the Samson required 30 


PAM 
had to be 
quently during extended surveys. 

Beta-gamma sensitivity. The low 


contamination 


was drift-free 


rezeroed fre 


levels of beta-gamma 


generally encountered in survey work 
did not disturb the PAM’s reading, 
while the Samson did respond to inter- 
fering contamination 
> 

The work 
under U.S, Atomic Energy Commission con- 
tract AT (O7-2)-1 1 EC 
lish ia gratefully acknowledged, 


reported here was performed 


permission to pub- 


FIG. 1. Portable alpha scintillation moni- 
tor. Composite photograph shows position 
of components inside }; «-in.-thick aluminum 
housing. Instrument weighs 5.3 Ib 
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FIG. 2 


Alpha-monitor circuit diagram 
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200 CHANNELS 
WITH THE SIMPLICITY 
AND RELIABILITY 
OF 100 CHANNELS 


wlivil), 


Talimetellet-t ial-te ale 


yloloma sy VN INI I 
INN NRW 4 4 


The new RIDL 3302, 200 channel analyzer offers all the 
advantages of a 256 channel analyzer, without sacrific- 
ing the simplicity, reliability and economy of the 100 
channel analyzer. The design simplicity of the 200 
channel unit results in low initial cost, easy low cost 
maintenance, simple operation and prompt delivery. 


The memory may be used as a whole or divided into 
halves with data stored in each half.* This feature is 
very useful in cases where the readout of data is imprac- 
tical or undesirable in the interval between measure- 
ments because of rapidly decaying or growing energy 
levels. 


OPERATING CHARACTERISTICS 


Burroughs beam switching tubes greatly simplify address 
circuits. 

A simple computer logic used to program computer and 
ther non-storage functions. 

Dead time 16 sec plus Yj sec per channel with dead 


Precision recording or decimal printed readout which 
time correction factor to correlate data regardless of 


totals every 10 or 100 channels with channel numbers 


printed directly, 1 to 200 


energy distribution or counting rate 


Maximum counting rate without distortion or shift of 
data: greater than 5x10* CPM 

Normal window width 2%, may be set to any optional 
value and the 200 channels located in any region of 
the spectrum with no drift 

Linearity better than 0.2% 

Analyzer may be operated in coincidence with external 
pulses, either prompt or delayed 

Accurate linear cathode ray tube presentation of data 
during and after measurements 

Analyzer subtracts or adds at operators option in order 
to permit automatic background subtraction 


@ Capacity per channel, 65,536 counts 


@ RIDL provides a two day instruction class on the opera- 


tion and maintenance of the analyzers free 

Installation may be done by an RIDL factory engineer 
at an additional cost 

Services can be supplied by factory engineers on a 
time and material basis 





*On special order the analyzer will store in 100 
channels while simultaneously printing out of the other 
100 channels, 
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Simple Recording 
Gamma-Ray Spectrometer 


By WILLIAM H. VENABLE, Jr.* 


University of Florida, Gaine ¢, I 


radiation 


10 turns of this dial. A 
d to follow 


An automatic gamma s covered by 


spectrometer was built at the Un cathode follower was install 


of Florida 


struction and research 


for laborator in the 


It i er 


versity voltage across the baseline potenti- 
this 


to the baseline dial setting 


ometer voltage being proportional! 
The out- 
put of the cathode follower deflects the 
the “z 

the 


the ana 


atile 


relatively inexpensive and sufficient! 
accurate for thes 

The 
standard up through the linear 
plifier. It 


canned sodium iodide c1 


DuMont 


purpose 


scintillation pectrometer beam of an oscilloscope in 


im direction in direct 
Harshaw 
tal mounted lyzer \ 
width 


prov 


proportion to 
tes of a pulse sizes that are passed by 
belt drive to the 


potentiometer ol 


Cons 
Ww indow- 
inalyzer 


30.7% 


on 4 
tube. The 
Atomic Instrument Co 
A cathode follower at the base of the 
photomultiplier relays the 
Atomic model 204-C linear amplifier 

The first modification of the 
ment for 


6292 photomultiplier 


high voltage ides a window that is 


won a 
ipp I 


of the baseline voltage 


wdel AL2 


rhe analyzer output passes into a 


gnal to at ounting-rate meter, whose output is 


ised to deflect the oscilloscope beam in 
Thus the 


vaseline dial is driven through its range 


equip the ‘“‘y” direction. when 


automat pectroscop ! 


occurs in the Atomic mode! 510 single the oscilloscope beam traces out a dif 


channel differential pulse-height ana ferential pulse-height 
An electric clock 


the baseline dial at a con 


anaiysis curve 


lyzer, motor drive that recorded on a time exposed 


tant speed photograph 
The 


pulse height 


adjustable from 0.25 to 0.66 rpm ; . 
entire range of 0-100 volt Calibration 
; Calibration in the x direction is ac- 
the Om illo- 


This 


* Paesent 
velopment Center 
Force Base, Ohio 


ADDRESS Wright Air De 


Wright-Patter : Air complished by 
ig i erson 


sweeping 


scope beam in the y direction 








/ 


| 
LE 


0.00I3= 














FIG. 2. Counting-rate meter. First three stages and crystal diode provide pulse to 
trigger univibrator once for each negative pulse larger than predetermined size. 
Positive pulse from univibrator (V,, Vs) allows V, to conduct at maximum current for 
pulse duration, charging rate circuit (representative components—15-xf oil-filled 
capacitor, 0.5-megohm resistor) Filters after V: remove small, high-frequency- 
induced fluctuations and may not be necessary in some constructions 
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No | 
crystal 


-Photomultiplier 


Cathode 
follower 


Lineor 
amplifier 


ai ae 


control») Pulse analyzer | Window 
i+. 


sommes control 


e Belt drive | 


Clock motor 


Counting rate 
meter 
- 
Dummy 
| Counting 
rate 


¢ 


Cathode 
ray oscilloscope 
with 
recording camero 











FIG. 1. Recording y-ray spectrometer 
Double-pole switch (left) controls x sweep 
and dummy counting-rate input for y cali- 
bration; single-pole switch controls y sweep 
for x calibration 


line is photographed in known z posi- 

tions obtained by handsetting the base- 

line dial of the pulse-height analyzer. 
The 


larly, sweeping the oscilloscope beam in 


y calibration is recorded simi- 


the z direction and positioning the re- 
sulting scope trace line either by apply- 
ing pulses at a known rate to the count- 
circuit or by 


ing-rate applying d-e 


voltages representing counting-rate 
meter output to the ose illoscope y am- 
plifie I The former method is probably 
but 


simplicity, we used the latter. 


more accurate because of its 

This calibration procedure requires 
constant oscilloscope-amplifier gain 
during the exposure of the curve and 
calibration. If this condition is met, 
the calibration is independent of mag- 
nification and truncation of the curve 
obtained by presetting the oscilloscope 
amplifiers. The calibration is also in- 
depe ndent of gross distortions due to 
noniinearity of the and 


Ont illosc Ope 


photographic distortions, 


Limitations 


Errors caused by drift in d-« ampli- 
run can be 
problem with 


Howse ver 


minimized by keeping the amplifiers in 
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fiers during the & most seri- 
oscillo- 


this ciffic ulty can be 


comme rcial 


Scope 





lition and allowing about | hr 
ip before recording. 
the spot from fluctuating 
statistics of the decay, a rather 
onstant (5-20 sec) was used 
the ratemeter circuit some 
The result is that the rate- 
reluctant to follow a rapid rise 
n counting rate. Assuming 
ounting rate is fixed, the Onl 
vay to overcome this limita- 
1 slower sweep speed. This 
results in a longer run, which 
the chance of amplifier drift. one 
ictory compromise has been 
out between these two factors 
rd limitation results from the name 
f rather complex spectra being 
e width of the line drawn by 
loscope spot. The practice has ° ° 
expand the scale and truncate identifies 
e to include only the part that 
irticular interest. 
fourth limitation is brought th 
the slowness of the recording. fo 
e taken directly from the in- 
is undistorted only if the 
of the source is very long (e.g finest 
for our instrument) compared 
time the instrument takes to 
the spectrum or if the radiation : 
rapidly periodically (> 50 eycles in 
h as the radiation from a cyclo- 


duced reaction in equilibrium A 
of inverse-decay-curve scaling fittings 


" eo Te 
7 Positron 
annihilation 
137 
C calibration 
peak 





| 1 lion 


ewe ay 
0662 Mev ~ 























There is a Swagelok 


Specialist in your area TUBE 
For catalog, write Dept. J6 FITTINGS 





















































3 ‘ CRAWFORD FITTING COMPANY 


———————— 884 East 140th Street 


FIG. 3. Differential-pulse-height spectra 
for Na®? (top) and Co"; isolated calibration 
eaks are from Cs 
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PROMPT 
DELIVERY 


A GRAM 
OR A CARLOAD 


OXIDE 


(SEVERAL GRADES) 


FLUORIDE 


NITRATE 


AND OTHER SALTS 


neutron 
absorbers 


GADOLINIUM 
SAMARIUM 


EUROPIUM 
AND OTHER 
SEPARATED 
RARE EARTHS 


WRITE FOR TECHNICAL 
DATA 


World's largest 
producer of rare earth and 
thorium chemicals for commercial 
atomic energy use and industrial applications 


[NDSAY (HEMICAL (OMPANY 


272 ANN STREET, WEST CHICAGO, ILL 
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FIG. 1. Photomultiplier head including resistor string (in Lucite cylinder), one-tran- 
sistor preamplifier and transistor batteries. At top is thimble made of 1-in.-o.d, 
aluminum tubing for inserting photomultiplier head into critical assembly 


Transistorized Photomultiplier 


Has O.1-usec Resolution 


By G. S. BRUNSON 
{ryonne National Laboratory, Idaho Division, Idaho Falls, Idaho 


A transistorized photomultiplier cu multiplier, preamplifier and transistor 


battery) can be packaged in a 1-in.- 


he 


cuit was devised for a very small, high- 


sensitivity fast-neutron counter capa- d., 1-ft-long cylinder (Fig. 1). T 


ble of excellent time resolution. The circuit (Fig. 2) may be of use to others 


vhole detector (scintillator, photo in need of good time resolution 

















Compact preamplifier circuit for FIG.3. Typical pulse obtained from circuit 


in Fig. 2 


FIG. 2. 
¢-in. DuMont K-1382 photomultiplier 
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1 transistor is current-biased 


rrent-controlled, it is admirably 
r use with a photomultiplier. R 
ise the transistor is inserted in eee A SCA l E 
he usual anode resistor. The * DECA DE 
ietwork resistors were chosen with 
1 bleeder current suitable for 
e transistor used. This type UNI IS) 


liminates the RC time con- 
ch is found in the usual 
be-type preamplifier where 
resistor is used to convert the 


rnal to a voltage signal on the 


Pilot B scintillator is exposed 

lev gamma rays, the preampli- 
~0.2-volt signal into a 

oad. The time resolution is 

t, the pulses being ~0.1 psec 
overshoot virtually nil. 
Hewlett-Packard wide-band am- 
vo 460-B’s and one 460-A, 

| output up to ~100 volts 

3 Note that 0.04 usec 


minimum rise time of | MODEL DS-5 DECADE SCALER 


531 oscilloscope (with 


suntiies seni kon tlc omtallt: | TECHNICAL ASSOCIATES has designed this general purpose 
ve ekimenit Snes: Ventanas chia mani nuclear laboratory counting instrument to combine extreme 


\ 6342 photomultiplier to give | | " " it it 
good results In this case the whine ne ce clades 

2N 12S transistor was used with j 1.0 microsecond per pulse pair. 

rent r-c (2,200 ohms, 10 pyf) in sensitivity to be varied to facilitate analysis of sample 
tter lead. Only the two 460B “Mono-matic’”’ single lever control i 

ers were used since the preampli- | 9 and time, thus simplifying operation 








put is ~2 volts into 200 ohms, 
Pilot B scintillator is exposed to ey 
Lmmmnas 


pen areamentersic tigate DS-5 DECADE SCALER can be combined with other T/A accessories 


Chis is probably due to the 
it the os iaabeen is operating to form a complete Laboratory Counting System... 


ear the limit of its time response. 


sible that pulse width is con- 
ess than shown in Fig. 3 

t taster oscilloscope would 
more careful adjustment of 
s for minimum pulse width 
noted that the negative 
controls not only the 

plier gain but also the tran- _ 2 


Proper adjustment of this Model 0S-5 Decade Scaler 
essarv to eliminate over- shown in use with Mode! LS-7M Lead Shield Model AB-2 Calibrated Absorber Set 
and Mode! $0-1 Scintillation Detector 


ywever, this is not a critical 





ent: anything between 1,600 
2? 000 volts seems to work 


erv seems verv fast since the Write for complete catalog 


it high counting rates will entitled “Instrumentation 


sional pulse pairs (both pulses for Nuclear Research” Q 
yped) where the separation 


than 0.08 psec. Because 





Model CR-1 Count Register and 
d of the pulses the linearit) 


} Model PT-1 Predet ined Ti 
ilse height with incident gamma T E C H N l C A L aan - 
ould not be checked on an; A Ss S @) Cc | AT t S 140 West Providencia Avenue 


ght ‘ bh w- 
inalyzer available Ho de a Burbank, California 
LOoscope measurements indi- Nuclear Research 


sonably linear relationship 
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DRIFT FREE 


DC UV 
AMPLIFIER 


The KIN TEL MODEL 111 amplifier pro- 
vides the lowest drift of any commercially 
available broadband d-c amplifier. The 
unique circuit incorporates KIN TEL's 
proven chopper amplifier system to pro- 
vide unsurpassed dynamic performance 
—unaffected by load or gain changes. 
Available in a single-unit cabinet or a six- 
amplifier rack-mountable module only 19 
inches wide, the Model 111 is ideal for 
data reduction facilities, or as a strain 
gage amplifier, recorder driven amplifier, 
or general purpose laboratory amplifier. 


PECIFICATIONS 
+ 2 uv equivalent input drift 
Integral power supply 
+ 35V, + 40 ma output 
100,000 2 input impedance 
0 to 1000 gain in ten steps 
+ 1% gain accuracy 
5 uv peak equivalent input noise 
Price (Single) Amplifier $550.00 


Representatives in All Major Cities 


TEL 


[ KAY LAB ] 


5725 KEARNY VILLA ROAD 
SAN DIEGO 11, CALIFORNIA 


Rapid Method for 
Dating Nuclear Explosions 


By SAIT AKPINAR 
Department for Experimental Physi 
Iatanhbul, 7 urke 7] 


7 0) date “a nue lear explosion radio if 
tive-decay curves of the fallout prod 
ucts are generally used (1-4). How 
ever, all methods based on decay have 
the common drawback of requiring 
times of the order of at least 1 week 
to be applied successfull) A more 
rapid method of dating should there 
fore be based on other physical prop 
erties of the fission products 

We have investigated the possibilit 
of using the continuous change in §-ray 
energy distribution as manifested in 6 
ibsorption curves of fallout products 

Preliminary experiments have shown 
that the most time-sensitive portion of 
the absorption curve is located at its 
absorber 


beginning. We chose the 


mg/cm? as the basis 
This 


is not un- 


range 10-30 


for “age” comparison choice 
though somewhat arbitrary 
important from the point of view of 


tatistical accuracy. If /\o and Jy are 


ly of Istanh il, 


t |Oand 30 mg/cm?, 
log I log I is 


useful index of age 


the counting rates a 
the difference a@ 
the most directly 


or dating purposes 


Measurements 
Radioactive samples were obtained 
from atmospheri 


| tanbul 


precipitations in 
1,900 


filtration through 


and [ ludag meters 


ibove sea level) by 


otton After drying, the cotton was 
ash was 


stand- 


purnt and the residual 


lected in 17-mm-diameter 
irdized cardboard trays protected by 
thin homogeneous paper covers (1.4 
After 2 da 


the natural 


mg/em?), ys for allowing 


radioactivities thoron 


ind radon daughter products) to decay 


to negligible levels, the B-absorption 


curves were measured with an end 


window counter in a 4-in. lead shield 


using aluminum absorbers up to 


90-SO mg/cm 














AGE INDEX for 16 differently aged fallout samples during 1954-56 
is from date of atomic explosion to day of measurement 
where more than one measurement made on sample. 
. of fallout products increases with time; this scale is obtained from 


effective E 


Sample age 
Symbols are repeated 
Energy scale indicates how 


absorption measurements of several radioisotopes under same experimental arrange- 


ment used for fallout samples 
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n these absorber ranges low-energy 


irticles play a significant role. 
vere carried out using several 8 

th different Z,,,., and with 
backings and 
the 


All parameters but 


geometries, 
thicknesses to evaluate 
a a). 

e thickness could be kept con- 
measurements. Some error, 
not more than ~4%, may have 
troduced systematically in this 
Ihe the 
measurements were higher, 
10% 


trengths available. 


probable errors of 


rder of due to the low 


Results 


Phe ustration shows q@ as a func- 
re for sixteen different samples 
e collected 1954-56. 


ose samples for which the age 


during 


accurately known are used 


inouncements and our dating 
’) based on decay were used 
purpose. Some samples could 
ired more than once, the indices 
ime sample being shown by the 
Although a 


ear explosion as far away as Nevada 


yn on the figure 

1use radioactive precipitations 

avs alter its occurrence (2), a 

itmospheric transportation of 

d did not happen to oecur dur- 

present period of observations 

ortest age was 20 days after the 
Russian tests of November 23, 1955 


Conclusion 


] site of the somewhat large scat- 
the experimental points, the 
bsorption method of dating nuclear 
s10ns appears feasible. If no 
radioactive products are pres- 
i fallout sample, the dating of 
rresponding nuclear explosion is 
luced to a matter of a few hours. 
the 


method is probably limited only by 


f curacy attainable with 


iracy with which the age index 
For our rather weak sam 

ow The ultimate shape 

index curve may therefore 
yme slight changes if one is 


with stronger samples. 
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Can you identify these alchemy symbols ? 


METALS 
FOR THE 
ATOMIC AGE 


The Atomic Age is an age of metals—old metals that find new uses in 
new surroundings—rare and little-known metals. 


Old or new, rare in occurrence or use, these metals may be light, heavy, 
hard or soft. Their use as fuels, or in the structure or controls of nuclear 
reactors will vastly increase the use of all our metal resources 


Vitro is at the heart of metals development for the Atomic Age, both in 
new processes and uses for old metals, and the mining and refining of new, 
rare metals. Through its divisions and associated companies, Vitro mines and 
refines fissile uranium and fertile thorium. Through its research and develop- 
ment activities, Vitro is attacking the production of old, known metals like 
manganese and boron by new and unconventional processes. New metals like 
columbium and tantalum are being recovered and rare earth metals like 
europium, gadolinium, yttrium and samarium are being mined and recovered. 


In these activities, Vitro geologists work as a team with Vitro scientists 
and engineers to seek new deposits of these metals—and to find new means 
to coax them from obscurity into profitable use in the Atomic Age. 


Vitra 


@” Research, development, weapons systems 





CORPORATION of AMERICA 
261 Madison Ave., New York 16, N.Y. 


“& 
© Thorium, rare earths, and heavy minerals 


WE Nuclear and process engineering, design 
A Refinery engineering, design, construction 


* Uranium mining, milling, and processing 


1. Gold 2. Lead 3. Tin 


© Recovery of rare metals and fine chemicals 


A niccratt components and ordnance systems 


Cp Ceramic colors, pigments, and chemicals 


4. Copper 5. Silver 6. lron 





NUCLEAR ENGINEERING 





Reactors Dot Idaho Desert at 
National Reactor Testing Station 





“ATOMIC CITY 
0/23456 78910 
SCALE: MILES 


PROPULSION, power-generating, and 
testing reactors and auxiliary facilities 
constitute the broad research program 
at the National Reactor Testing Sta 


tion near Idaho Falls, Idaho. Here 


because of the isolation afforded by the 


vast desert expanse, new reactor types 
are being tested. 

Five major contractors 
NRTS facilities 

Argonne National Laboratory proj 
ects are the experimental breeder re 
actors (IE BR-I, to operate with new 
core in late ’57; EBR-II, to go critica] 
in ’60), the boiling reactor experiment 
Borax-lV), 
bly (ZPR-IIT) and the Argonne low- 


prototype, 


zero-power critical assem 


power reactor (military 
under construction), 
Atomics International will have the 
organic moderated rent tor (OMRE) 
operating by fall ’57, 
General Electric is conducting the 


aircraft nuclear propulsion program. 


operate 


Phillips Petroleum operates the Ma- 
Reactor (MTR), the 
gamma-irradiation facility and the 
chemical processing plant (CPP). It 
Is conducting the sper ial power excur- 
sion reactor tests (SPERT-I; -II, being 
-III, 


Phillips will begin operating the engi- 


terials Testing 


designed ; under construction) 
neering test reactor (ETR) in late ’57. 

Westinghouse projects are the SIW 
the AIW (large 


under 


Nautilus prototype) 


ship reactor prototype, con- 


struction) and the expended-core 
facility (in design stage), for disman- 
tling expended cores 

In addition, Aerojet-General is con- 
ducting its gas-cooled-reactor experi- 
ment, now in the preliminary design 


stage, at NRTS. 


ANP Area 
NRTS was selected in 


nuclear 


1952 as the 


test site lor aircrait power 


plants. To date, all the aircraft nu- 


EBR (experimental breeder reactor) program is for studying 


breeding process. 


At right is EBR-| (200 kw electricity), 


which demonstrated feasibility of breeding; in foreground 


are fuel-handling cave and transfer coffin. 


Construction 


will start this summer on EBR-II 





SPERT program (special power excursion reactor test), part of AEC 
reactor safety studies, provides information on water-cooled reac- 


tors. 
carry tests up to 2,500 Ib, in* and 670° F 


Above are control rod drives of SPERT-|; SPERT-II and -Iil will 


, + 
~- 
_=y) 
i al 
* 














ZPR-Ill (zero power reactor) is used to build 
mockups of fast-reactor cores to make 
critical measurements. Current investiga- 
tion is of EBR-I core; next will be mockup 
of EBR-II 








CPP (chemical processing plant) recovers 
U**® from spent fuel; recovery is > 99%. 
In addition to being a producing plant, 
CPP serves as pilot plant. Below are con- 
trols for batch dissolution 













clear propulsion facilities at NRTS, 
totaling $15,000,000. have been funded 
} the Akf 








Che issembly and maintenance 
building is within a 15-ft-high earth 
embankment. In this building is a 






r remote power-plant assem- 






ea for testing power plants con- 









ts of a test pad that can be enclosed 
vith a moveable aluminum building 
ind an underground control and equip- 
ment room \ flight engine test fa- 
if osting $6-7,000,000 is to be 






pleted in 1959 here, nuclear 







engines will be tested in conjunction 






vith airframes, crew compartments and 






iircraft control systems. 









\ low-power test facility is scheduled 


1958. 





pletion by 



















GAMMA IRRADIATION FACILITY uses spent MTR fuel elements OMRE will test diphenyl or triphenyl as moderator-coolant. Con- 
to give flelds up to 2 X 10’ r/hr. Irradiation services are avail- struction is essentially complete; operation is scheduled for late 
able to public. Potatoes and cans are shown being put into ‘57. Below is reactor housing, pipes at right lead to air-blast heat 
columns containing demineralized water exchanger 
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Defriv: a simulated map war game 
involving defensive operations 
along a river line under conditions 
of simulated atomic warfare. Map 
battles, fought by groups of field- 
experienced officers, evaluated by 
a team of scientists and officers, 
improve our Army’s ability to wage 
modern war—a typical example of 
the work of Combat Operations 
Research Group. 


D> PHYSICISTS 
> MATHEMATICIANS 
D and other SCIENTISTS 


will find in CORG a but 
growing research group, with free 
dom to think and limitless creative 
opportunity. Varied scientific dis 
ciplines, good living 
and all usual benefits, make CORG 
a “good place to work.” Find out 
for yourself, 


small 


conditions, 


Address: ROBERT L. KOLLER 
Operations Research Group 


TECHNICAL OPERATIONS, INCORPORATED 
Burlington, Massachusetts 
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NUCLEAR ENGINEERING NOTES 


A new strategy for reducing containment shel! pressure 


New Containment 
Strategy 


after an accident involves the use of large bodies of 
water stored within the shell to limit the temperature 
The 
Lundy on the design of the containment shell for the Experimental Boiling Water 
Reactor (EK BWR) at Argonne National Lab Kolflat at 


the 


rise for a given energy release idea came from work done by Sargent and 


and was described by A. 
March meeting of the American Power Conference. 
To determine the internal pressure and shell-wall temperature gradient that 


ified 


arge steel tank that 


vould result from an accidental rupture of any part of the power plant, spe 

mounts of boiling water under pressure were injected into a 
sa mockup of the EBWR containment shell 

yere obse r\ ed in 


ilter the 


The internal pressure and temperature gradient in the wall 
rddition 
like 


these experiments to reach their maximum values about 6 se 


of the water. The temperature gradient amounted to something 


0° I 
In estigators found that 


boiling 


across the yg7in shell wal 


the maximum value of internal pressure was quite 


to the amount of heat absorbed b tructural material contained in the 


the shell itself 


ensitive 
they 


If no 


For instance, by extrapolating their results 


imilar situation in KEBWR.* 


iterial 


hell and by 
predicted a pressure of about 6 psig for a 
heat were absorbed by the structural n this pressure would increase to 
15 psig 

Kolflat suggested that the maximum pressure to be contained by the shell (and, 
the cost of the shell) 
the shell He 


would be surrounded by 


could be reduced by installing heat absorbing 


the 


therefore 


media insick proposed i design in which reactor structure 


vater contained in trays or thin-walled 
incorporated in the EBWR con- 
15,000-gal tank located just 


a large amount of 


cans. The emergency spray system presentl) 
tuinment design is a modification of this idea A 
inside the top of the shell dome will supply water to be sprayed into all parts of 


the shell to condense any steam that may be released 


* The total thermal energ ivailable in the water was arbitrarily doubled to ac« 


msible chemical energy release 


SEVENTY-FIVE TON ROTATING SHIELD of Sodium Reactor Experiment (SRE) being 
lowered into concrete floor above core tank. Some 140 in. in diameter, it contains 
stepped tubes for 81 small plugs to provide access to each core channel and three large 
plugs to provide access to canned graphite moderator assemblies. Shield is rotated 
to bring large plugs over assemblies to be removed. Stepped stainless-steel shield 
casing is filled with concrete. Skirt around bottom covers thermal insulation consisting 
of 13 thin stainless-steel plates. SRE went critical April 25 
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Pulsed Neutron Generator $22,500 

Brower Multiple Scattering Microscope $5,500 
16 sq. ft. Diffusion Cloud Chamber $7,000 
Sub-critical Training Reactor In association with 


Neutronic Consulting & Design 


ATOMIC 
pry es — 1B Os aD 2 © 
3086 Claremont Avenue 


Berkeley 5, California 
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Hydrolysis | , 
- diuror 
Cylinder tank , Chur Onare 








FIG, 1, 


Uranium dioxide enriched in U 











‘oe 


Drying 




















Reduction 
oven 








made in this manner is satisfactory raw material 


for cold compacted and sintered pellets or for high-fired cermet-type fuel elements (1) 


Steps in Preparing .. . 


Uranium Dioxide for Fuel Elements 


By H. H. HAUSNER 
Nuclear Engineering dD 
Penn-Texaa Co p 

New York New Yorl 


The general development in 
rection of high-temperature 
brings with it considerable int 
so-called * 


ceram material 


alone or in combination with n 


(cermets), for use in fuel elemer 


operating at temperatures of 1,000° ¢ 
or higher. While solid 


offer the advantages of good 


metallic fuel 
neutron 


economy, good thermal conductivit 


and high resistance to thermal shock 


their phase changes and low strength 


at elevated temperature hardly permit 


*In the general! 
meaning of the word 
as UQOs are not cera 
normall 


Ceramics, peakir 


whose main ingredient 
refractories are sulbstar 
Sected by high temperat 

is obvious, but we bow 


UOs is called a cerami 


R. G. MILLS 


and 


Alomic Power Equipment Department 


General Electric Co. 


San Jose, California 


their use in high specific-power reactors 


Ceramic fuel materials, on the othe 


hand, offer the advantages of adequat 
strength at elevated temperatures, low 
thermal expansion, good corrosion r¢ 
sistance and stability against radiation 
damage 

A comparison between the melting 
temperatures of various compounds of 
uranium and other, more common, re 


Table 
that UO, has the highest melting point 


fractory materials (se 1) show 

of the possible ceramic fuel material 

Further examination of the physical 
properties of UO, (see Table 2) shows 
that this compound is chemically and 
thermally stable and, therefore, well 
suited to be used as a high-temperature 


nuclear fuel 


Production of UO, Powder 


I ranium dioxide powde r can be pro 





TABLE 1 


Possible " 


Material 


Melting Points for Comparison 


Common refr actor 


Material Melting point (° C 
Silica (SiO, 1,710 
Fireclay 1,750 
Alumina (Al,O 2,020 
Zirconia (ZrO, 2,700 


Magnesia MgO 2,800 





different methods, 


in aqueous uranyl 


duced by several 


most of which use 


nitrate solution as a raw material. 
With the addition of H.O, to the solu- 
tion, uranium peroxide is precipitated 
Che precipitate is converted to uranium 
heating If 
added to the 
nstead of H.O 


precipitated 


trioxide by ammonia 1s 


uranyl nitrate solution 
ammonium diuranate 
and this also can be 
thermally decomposed to uranium tri- 
oxic The reduction of UO; to UO, 

in easily be accomplished in a hydro- 
gen atmosphere 

Che production of uranium dioxide 
enriched in the Isotope U255 includes a 
gaseous-diffusion step with the uranium 
in the form of the hexafluoride, UF, 
This can then be converted to ammo- 
nium diuranate, and subsequently to 
any oxide desired (1 

The UF, worked out at 
Mallinckrodt Chemical Works in St 
Louis, is shown in Fig. 1. Cylinders of 
UF’, are heated by blanket 


with the fluoride compound vaporizing 


process 


an electri 


through pig-tail pipes into a water tank, 
In water, UF, rapidly hydrolyzes into 
HF and urany] fluoride (UO.F The 
then ammo- 
nium diuranate when aqueous ammonia 


25-30%) is added in the hydrolysis 


uranium precipitates as 


tank. After the compound is filtered, 


washed and dried, it is decomposed to 


When the U,0, has 
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U.Os with steam 








TABLE 2—-Properties of Uranium Dioxide 


Temperature Bibliography 
Property * C) Value reference* 


Melting point 2,405 + 21 
2,878 + 22 


Thermal conductivity ¢ 200 0.0190 
|/sec /° C/em 100 0.0138 

600 0.01055 MEMORANDUM: 

800 0 OORBS 

1,000 0.00815 


100 0.063 From the Desk 
500 9.074 of the President 


1,000 0.078 
1,500 0.082 





To: Purchasing 


f formation (cal /mole 25-1,200 259,500 + 2,000 Department 


ergy of formation 2! 246,600 
2 218.100 
U 


1,22 197,700 
} 


ision (cal /mole 2 


O5 16,000 
Investigate Davison's 


entry into the 
oma . thorium and rare 
ure§ (mm of Hg 1,326 1.65 « 10 
1,702 6.67 x 10° earths field. Under- 
a +. 2 opie stand they are pro- 
2,36: 9 66 «x 10 
ducing materials 
f linear expansion ¢ 27-400 Kx 10° j 
( 100-800 £10 which should be of 
800-1, 260 K 1 interest to us, 


iporization cal /moile 137,000 





cal /mole © 25 18.6 


il density (gm/em* 26 10 96S (G They have a 
constant || (A 26 5.4682 reputation for de- 
ing’s modulus of elasticity 25 & 10! 53) pendability of prod- 


of rupture (psi) 2! 10,000-12,000 ; ucts and service 


feutron absorption 0.165 





ection (em*/em? 


n temperature (°C ~1,150 (10) 


of the properties listed in the table are dependent on the powder particle size 
ity and on the impurity content The original references should be consulted 
etail ee bibliography at end of article. 

il conductivity (61) was determined on samples of 73 % theoretical density; data 


ure extrapolated to 100% dense specimens as a direct function of density. The Two plants, one at Pompton 
i 


ductivity of uranium dioxide decreases with increasing temperature, which is Plains, N. J. (formerly Rare 


ec of inorganic oxides 
B . Inc.) a one at Balti- 
nary work at the Oak Ridge National Laboratory has indicated a discontinuity Earths, Inc nd at Balt 


of heat capacity vs. temperature in the region of 400-600° C, This is still more, Md. are in operation, 
tigation (A. J. Taylor, personal communication Your inquiries concerning 
r-pressure data given by Ackerman (4) can be fitted with a curve whose equation products samples and research 
nge of 1,600-2,700° K is 4 
and development services are 
3.7337 K 104 3.6700 & 10° 38 &K 109 welcome. 
log p = 13.340 — —— ' . , 
7 7 
the absolute temperature in degrees Kelvin 
oefficient of linear expansion data can be fitted with a curve whose equation in 


of 27 0° © is (17 
f 27-1,2 is (17) Progress Through Chemistry 


Y=al?+tt +¢ 


thermal expansion (%) based on length at 27° ¢ DAVISON CHEMICAL COMPANY 


temperature (° ©) 


2 1481 x 10 Division of W.R Groce & co 
8.4217 K 1076 


$0289 « 10 

. & 
‘ Baltimore 3, Md. and Pompton Ploins, WJ, | 
ystallographic lattice constant is reported (4) to decrease with increasing oxygen 
we UO which is contrary to what would norma he expected 
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HORIZONS unlimited 


Martin activities and facilities in the field 


T oday 
if nuclear research and development are among 


( 


the most advanced in the aircraft industry. 
Re 


able opportunities at the frontier of a new and 


sult: Never before have there been compar 


horizonless science. 


If you are interested in packaged power sys 


tems development, the limitless field of radiation 


chemistry, or fundamental research in nuclear 


power, you would be wise to investigate the 


Martin story. 


Contact J. J. Holley, Dept. N-7, The Martin 


Company, Baltimore 3, Maryland. 


lant crystallite size of the UO, 


been ‘dried, it is reduced with hydrogen 

at high temperatures to UO, 

The bulk density and particle size of 
resultant UO, depend on the den- 

particle size of the 
The temperature of reduc- 


the 


and parent 


Sit 
material 
tion of the parent material likewise in- 
both the crystallite size and 


the UOs,. 


flue nces 
of Figure 2 


correlation 


SIZ 
this 
that the higher the 


parti le 


shows and indicates 
temperature ot! re- 
the greater will be the result- 


10).* 


duction 


‘46. 8 


ture f Preparation (® 


FIG. 2. Particle size of UO. depends on 
the temperature of reduction from higher 
oxide (10) 


uranium dioxide powder thus 
fuel 


Phe 


produc used for nuclear 


d can be 


na variety of shapes and forms: (a) as 


compact casting or ex- 


shape of slugs, 


high-density 

the 
as fine powder uniformly 
Al, Zr or SS; (c) 


or SS-clad pellets; and (d 


in rods or 
(b) 
persed in 


Zi 


lution in concentrated H4yP,O7 


trusion 
tubes 

di as small 
A! as a 


Fabrication by Powder 
Metallurgy 


rhe fabrication of uranium dioxide 
powders into finished shapes can be 
of the 


ter hniques 


wccomplished by “any convenl- 


tional powder-metallurgy 


in a 


UQ, can be cold compacted either 


teel die or hydrostatically; it can 
be slip-cast, extruded or hot-pressed 
The first three these 


ormally followed b 


ol methods are 
it sintering oper- 
ind 


ition to obtain the desired densit 


trength 


Cold compacting. 
iust be ball-milled to fine parti les to 


{ ranium dioxide 


being compacted and 


desired 


During ball 


ol 
the 


ipable 


red to high-density 


int 


iterial milling in air, 
uranium dioxide usually increases 


ide content rhe increase in oxy- 


teferences are n 


the 
at the end « 
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»t sequential since the 
j 
! 


extensive alphabetic bib 


t 
f this article, p. 102 
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PHOTOMULTIPLIERS 
OF HIGHEST 
EFFICIENCY 


tubes combine high 
sensitivity with exception- 
ally low noise and are there- 
fore ideally suited to gamma 
spectroscopy as well as 
scintillation counting. The 
photocathode is formed on 
the flat end window and has 
highest sensitivity in the 
region of 4,200 A°. The range 
includes tubes having eleven 
or thirteen stages, Pyrex, 
kodial or quartz windows 
and cathodes of various dia- 
meters. The type illustrated 
has the following charac 
teristics. Full details will 
be sent on request. 


These 


rYPE VMP. 11/44 

44 mm 
30 uA/L 
50 uA/L 
§ 11 


ameter 
athode sensitivity 
ithode sensitivity 
response 
verall sensitivity 
tage 200 AiL 
per stage for 
135 v. 
lark current at 
0.1 uA 
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gen content depends largely on the ball- 
milling conditions and especially on the 
Pro- 


longed ball milling results in the com- 


duration of the milling process 


minution of particles with an increased 


specific surface-area* and, therefore, 


greater oxygen pickup 
Very 


such as 


solid 
polyethylene 


frequently a lubricant 
steari icid oF 
is blended into the powder be- 


The blend 
hopper into the 


glycol 
fore it enters the 
is then fed 
of the dic 
which is a smooth-fitting punch 


hopper 
from the 
in the lower end of 


The 


amount of powder placed in the die is 


cavity 


position of the lower 
After the 
hopper is withdrawn, the upper punch 


regulated by the 


punch in the die cavity 


enters the die and compresses the pow- 
der. Compressing the powder in steel 
dies at pressures of 10,000-100,000 psi 
results in compacts with densities that 
depend on the parti le size of the pow- 
der (see Fig. 3 

be hydrostatically 
molds at 30,000-45,000 psi 


BO% 
60% / 
| 
Ld | 
L ~ 15-20 | 
’ e are 


u 


Large parts can also 


pressed in rubber 


TG tec if teel mold at 10,000 psi 
mmpacted hydrostotically at 45,000 ¢ 


GM Avant sare 


O*C tor 30 min 


FIG. 3. Density of green compact (un- 
sintered) ranges between 6 and 8.5 
gm/cm*, depending on powder particle 
size—finer powders compact to lower 
densities than coarser ones (17) 


When the 
the die, it is 
but in this 


compact is ejected from 
strong enough to handle 
green state it is not yet 


usable. To acquire useful properties 


it must be sintered 
Slip casting. 


to be conside red for 


Among the methods 
fabrication of ura- 
nium dioxide fuel elements, slip casting 
offers a distinet ad 


the production of fuel rods of any de- 


intage-—it permits 


sired length and shape with a uniform 


density over the length of the element 


In this process, the slip, consisting of 


urface is defined as the 
tained in 1 gm of 


seed in em? 


* The 
total 
powder and is usua 


specifi 
surface area 


expre 


WKNL 


IN THE NEWS 


NUCLEAR MERCHANT SHIP 
Walter Kidde Nuclear 


has been awarded a contract by 
G. Sharp, Inc., New York 
sign firm, for nuclear consulting serv 
ices in connection with the 
the first atomic-powered surface ship 


Laboratories 
Creorge 


marine de 


design of 


was recently 
Maritime Ad 
will 


The 
awarded by 
ministration 
begin immediately 


design project 
the U.S 


Preliminary work 


Scope of the work includes nuclear 
shielding containment 
strumentation 
items involved in the 
installation 


ventilation, im 


and controls, and other 


reactor system 


SS & 2 


NUCLEAR REACTOR 
DEVELOPMENT 
WKNL 


perform consulting services on the 
Pennsylvania Advanced Reactor 
ect, a major development effort jointly 
sponsored by the Pennsylvania Power 
& Light Co, and Westinghouse Electric 
Corporation, leading to the design of 
an aqueous homogenous reactor plant 
having an electrical output of 150,000 
kilowatts. 


The 
WKNL include 
liminary safety 
extensions of WKNL, studies 
last fall on ventilation 


has received a contract to 


performed by 
and pre 
well as 
initiated 


services to be 
site survey 


analysis, as 


se F fF 


NUCLEAR BATTERY EXHIBIT 


The miniature atomic battery de 
veloped jointly by Walter Kidde Nu 
clear Laboratories and Elgin National 
Watch Co. was exhibited at the Inter 
national Trade Fair in Paris May 25 
through June 10. The battery is 
being shown at the Het Atoom, the 
educational section of the Amsterdam 
Trade Fair, during July and August 


also 


Consultants 

to industry 

on applications 
of nuclear 
technology 


WALTER KIDDE 
NUCLEAR LABORATORIES, 


975 Stewart Ave., Garden City, H. Y. 
Telephone Ploneer 1-4350 
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This aluminum casting is part of a 
missile fuel pump. Its % 4" 
pass a 1500 psi pressure test with no 


walls must 


impregnation permitted. Interior walls 
are smooth and true as cast 

If your processing equipment re- 
quires parts with demanding metal- 
lurgical properties, close tolerances 
and intricacy, our unique foundry 
techniques may provide a solution. A 
number of demanding parts for nuclear 
and chemical applications have already 
been Send for our illustrated 
technical booklet. 

Morris Bean & Company 

Yellow Springs 18, Ohio 


cast 


porosity free castings 


in aqueous suspension of finely ground 
UO, is poured into a plaster-of-paris 
mold. The 
the water from the slip, which solidifies 


mold The 


isting is then taken from the mold to 


plaster of paris absorbs 


shrinks against the 
dried and sintered 
To prepare the slip, the finely ground 
powder is leached in concentrated HC] 
The acid is then 
repeated 
Next, the 
proper pH 


hours 
lecanted and the 


lor everal 
process 
three or four times slip is 
vashed until the value is 
obtained The 


the pH value and the 


relationship between 


viscosity of the 
pis shown in Fig. 4. Castings have 
wen made with slips having the mini- 


) 


ium viscosity that occurs at pH 3.0, 


uit the shrinkage is frequently not 


ufficient to permit the 


casting to be 
\lur- 


using slips that 


isily removed from the mold 


i has sugge sted (73 
ave lower pH values. Inasmuch as 
the settling rate of an acid-leached slip 

not too high, castings can be satis- 


factorily made at pH values of 1.5-2.0 


FIG. 4. Curve shows relationship between 
pH value and viscosity of UO» slip 


lo improve the stre ngth of the I (), 


casting, organic dispersion agents 
hould be added to the slip before it is 


poured into the mold. Organic mate- 


ils such as polyethylene glycol not 
mnly improve the strength of the green 
casting but also prevent cracking by 
slowing down the rate of water removal 
by the plaster mold, This permits the 


easting of fairly thin tubular shapes 
19 

Before it is sintered, the green casting 
is dried slowly (up to several days) at 
room temperature Slip-cast parts re- 
quire a prolonged sintering time at 
fairly high temperatures. The furnace 
temperature must be slowly raised to 
600° C and kept at this temperature for 
several hours to permit the organic dis- 


The fur- 
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persion agent to vaporize. 





then raised to 


en up to 2 O00" C 
Phe 
d to fabricate parts that 


rature Is 
4) { r ¢ 
method 


Extrusion. extrusion 


to-diameter ratio 
bn 


d-pressing tec hniques 


ength 
innot compacted by 
density gradations 
xis 

of uranium dioxide 
if the 


and 


shed only mate 
ground if a 
to the The 

i liquid with a 
at 


finely 
idded mix 
isuall 
ind low volatility 


It 


powder to in 


int 


is com 


iperatures 
l¢) 
It 


ol 


tl the 


also dec reauses 


the 


rbility 
ction powde ron 


Hut sine the use of a 


lecreases strength, a com 
t tx effected 


rd surfaces must be used 


and dies with 


of plasticizers are esters 


ol 
section to avoid troubl 


ruded material should be 


ntial during 


shrinkages 
Phe particles 
wen pressed into intimate 
f the de- 
actually diffuse into 
so that the 
ap- 
true 


Sintering powder 


iny oO Processes 
usl 
iring sintering 


isting or extrusion 


rue solidity 
ost 


However 
never attained, nor is 
desired, Despite a lower 

ntered « ompact will have 
yth at high t mperatures, 


sintering for uranium 


er compacts depends on 
the powder 


temperature 


1 the 


CXCOSS oxide eon 


mpound, The sintering 
erally takes place at tem- 
below the melting point 
between 


ound—usually 


2,100" ¢ Small addi- 
permit sintering at about 
if desirable 

said that UO. 


n exposed to air 


picks up 
In pow- 
t acquires this excess oxic 
en when stored in glass con- 

e it is impracticable to 
an yvgen-free environ- 
larly during compacting 
un- 


the 


content 
that 


is 


xi 
| 


re 3 shows 


Tal 
increas in 
particle size and on the 

10). The fact that 
ygen when exposed to 
overlooked but 


is dependent 
posure 
ip OX 


juently is ol 
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HOKE announces 


For conditions ranging from 3000 psi to 
low vacuums, or distilled water to corro- 
sive fluids. Series consists of four basic 
stainless steel! bar stock vaives...O-ring 
or Tefion packing with flat Teflon disc or 
vee point non-rotating, replaceable stem 
plug plus six body styles. All parts 
interchangeable as well as replaceable. 
Choice of 4", %" or ‘’" pipe sizes or 
Swagelock tube fittings. Panel mounting 
too. Get the facts about this "'10 in 1"" 
vaive. Write us today. 


HOKE 
INCORPORATED 
Fluid Control Specialists 
235 S. Dean Street 

Englewood, N. J. 
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Lelab motel wlll G-M swhes fer enti-colacidonee 
applications—where uniformity counts! 


Except for a glass bead insulator, Lelab Counter Tubes are constructed entirely 


The metal cylinder is used both as the envelope and the cathode 
all the diameter of the 
Each counter filled, and tested in order 


of metal 


The of 
permits close stacking 
and uniformity 


parts within tube 


component 
is custom-built 


restriction 


to insure stability 


LELAB PROBE COUNTER TUBE FOR NEUROSURGERY 
(Robinson-Selverstone Type) 


Made especially for neurological surgery and other purposes requiring a minia 
The small needle-like probe provides an ideal way of measur- 


ture probe tube 
and for probing small areas with a relatively strong 


ing 
field intensity 


radioactivit n 


Write for complete information 


H. W. LEIGHTON LABORATORIES, York & Sunset Lane, Hatboro, Pa. 











Scientists... Engineers 


for a future with a 


steep growth curve 





. oom to Westinghouse 


Commercial 
Atomic Power 


CAPA—Commercial Atomic Power Activity—is the 
nucleus of the most dynamic new division at Westing- 
house, the leader in Atomic Power. Our growth is bound 
to be steep—as electric power demand and atomic power 
production pyramid sharply. 


We're ‘‘fluid’’—not fixed. New supervisory jobs open 
up fast! We’re entirely commercial—not dependent on 
government contracts. Opportunities for advanced study 
at company expense. Get in on the “industry of to- 
morrow” today .. . at Westinghouse CAPA. 


immediate Openings for professionally established men and 
those just starting their careers: Physicists « Physical Chem 
ists « Chemical Engineers + Mechanical Engineers + Electrical 
Engineers « Designers «+ Metallurgists 


Please mail résumé of your professional and 


Send your 


resume inghouse Commercial Atomic Power, Box 355, 


business background to: C. S. Southard, West 


Dept. 146, Pittsburgh 30, Pennsylvania. 


WESTINGHOUSE 


FIRST IN ATOMIC POWER 





TABLE 3—Increase in Oxygen Con- 
tent of UO 


Particle Exposure 
mean lime Analysis 
Pre pared diameter roon value of x 


temp in UO 


I month 0 022 
2 days 0.012 
days 0. 005 
} days 0 O12 
2 davs 0 O06 


1 day 0.135 





extreme importance in its effect on the 
sintering process, 

The effect of particle size on the bulk 
density after sintering at 2,000° © for 
30 min can be seen by referring back to 
Fig. 3 The fine powder particles 
which compact to a low density, sinter 
to considerably higher densities than 
the coarse powders that compact 80 
wel Densities of 10 gm/em? or higher 
can be achieved by close correlation of 
sintering temperatures and sintering 
time (446 

The sintering of uranium dioxide 
compacts should occur in a hydrogen 
or inert atmosphere. Sintering in air 
is not recommended because it would 


result in the reaction 
UO , »— UO 


with a corresponding change in density 


irom 


This kind of density change would re- 
sult in a complete fracture of the com- 
pact during sintering 

The uranium dioxide compacts lose 
as much as 1% of their weight during 
sintering. This weight loss usually 
depends on the following variables: (a) 
the oxygen content of the powder b) 
the powder particle size, (c) the amount 
of lubricant or plasticizer in the com 
pact, and (d) the compacting pressure, 
Figure 5 shows this weight loss as a 
function of the amount of oxygen in 
the oxide During sintering the 
imount of oxygen above the stoichio 
metric composition will be freed, thus 

wering the weight of the compact 
During the decomposition of UO .,, to 
UO the atoms are in a state of great 
mobility and contribute therefore to a 
higher rate of diffusion, which then 
results In a more rapid sintering or 


sintering to a higher density This 
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onsidered as a kind of 
ntering 

int of weight lost during 
a function of grinding time 

grinding results in finer par- 

nereased ratio of surlace 

ime The greater the 
thre powder the 

ymposition during sin- 
eater, therefore, the 


ibricant or plasti- 

ilso has its effect 

during sintering 

g furnaces are con- 

i preheat chamber 

the parts pass before 

ntering zom The pre- 

orates the lubricant or 
idded during blending 

correlation between 

sure and the weight 

correlation 1s not 

vet The UO, 

and therefore 


Ratic 


FIG. 5. Curve shows weight lost during 
sintering of UO» compact and its correla- 
tion with amount of oxygen in oxide 


ompact to a greater 
creasing compacting 
assume that with 

ing pressure less sur 
f the particles is exposed, and 
weight lost should «de 
cting pressure in 
assumption however, 

not entirely correct Wi 
dily assume that a large 

ese particles will fracture 
maller particles as 

sure Increases The 

urface area thus pro 

uit in an increase it 
veight lost as compact 


ncrease 


rases from con 


Cladding 


Rare Earths on stream! 


G 




















Rare Earths have remained rare only because of 
the exceptional technology required to process them 
The best of this technology is everywhere evident in 
HEAVY MINERALS Co.'s new Chattanooga plant, 


now on stream. 


Using domestic ores from its own mines, HEAVY 
MINERALS produces a complete line of rare earth 
for American industry. 


The rare earths constitute a new industrial frontier 
These 15 elements plus yttrium and thorium have so 
many versatile properties that almost all industries 
have a potential use for one or more of them 


HEAVY MINERALS supports its processing opera 
tions with a vigorous research and development 
program. Its personnel welcomes the chance to share 
its technology with rare earth users and potential 
users. We invite you to make use of our services and 


products. 


Send for free informative booklet 


www! HEAVY MINERALS CO. 


iaterials are pres 
deration These n 
tainless steel and 


/, The selection of a cladding 


/ 


Vol. 15, No. 7 - July,/1957 


RARE EARTH CHEMICALS ¢ THORIUM ¢ HEAVY MINERALS 


4000 NORTH HAWTHORNE STREET, CHATTANOOGA 8, TENN 
SALES OF FICE: 261 MADISON AVENUE, NEW YORK 16, N. Y 
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a. 


This 60-inch Corning window came to Sinclair Research 


Laboratories completely assembled and ready to install. 


You leave a hole in the hot cell... 


we'll do the rest 


One of the most vital parts of your 
cell—a window to see through—can 
be the least of your worries 

Just tell us the wall thickness and 
energy level you're working with and 
the viewing area you want 

Then leave the rest to us 

We provide all calculations, designs 
and materials, and deliver a pack 
aged window that is ready to install 

Your window will be designed 
specifically to meet the conditions 
you outline. 

It will use one, two, or all three 
of these glasses developed by Corn 


ing for radiation shielding 


Corning Code 8362 
lized, non-browning lead glass. Den 
sity—3.3 gm. per cc 
concrete for 
Index—1.59., 


Cerium-stabi- 


Equals dense 


shielding. Refractive 


Corning Code 8363—Special, high- 
lead glass. Density—6.2 gm. per cc 
Equals iron’s shielding protection. 


Refractive Index—1.98 


Corning Code 8365—Cerium stabi- 
lized, non-browning lime glass 
Density—2.7 gm. per cc. Refractive 
Index—1.52. 

Whether dry or oil-filled, the glass 
windows are resistant to corrosion 
and moisture. They do not decom- 
pose or darken under radiation. 

One measure of their success is 
the fact that there are more than 250 
Corning windows in use throughout 
the country, ranging up to 60 inches 
in thickness. 

For complete details on the glasses, 
the windows, and the services you 
can get from Corning, write for a 
copy of Bulletin PE-51. 


y CORNING GLASS WORKS 


16-7 Crystal Street, Corning, N.Y. 
G oening MCAS ceseatch a Glsd 


metal is governed by the type of cool- 

int and the operating temperature 
Heat from the fuel to the 

cladding either 


bond or through an 


transtier 

material can occur 
through a direct 
intermediate medium such as inert gas 


In any 


thermal 


cladding problem, the relative 
expansion between fuel and 
cladding must be considered. Neither 
steel nor Zircaloy 


thermal 


ilumimnum, staini 


is the same coefficients of 


those ol 


expansion as uranium dioxide 
ss steel are greater 
ind that of Zircaloy i8 smaller than 


LO The greater expansion ol the 


aluminum and stainle 


cladding metal, however, does not mat- 
ter mechanically if a liquid metal or gas 
is used as the heat transfer media be 
tween fuel and cladding. These mate- 
rit would accommodate any 


changes No 


transler 


voiunn 
matter what the heat 
Zircaloy 
to be carefully applied in such a way 
that the differential between the coeffi- 


media cladding has 


cients of expansion re sults in a direct 


contact 


between fuel and cladding at 


operating temperature without exert 


ing any considerable stresses in either 


thy fuel or the cladding 
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Applying Thermodynamics 
to Liquid-Metal-Fuel 
Reactor Technology 


By JAMES J. EGAN and RICHARD H. WISWALL, Jr. 


National Laboratory 


Brook have Ti 
! plon, New Yorl 


A knowledge of certain thermod 


namic funetions, particular free ener 
gies of mixing, has proved useful to the 
development of the Liquid-Metal-Fue! 
Values of the 


a number of bismuth alloys have 


feactor functions for 
been 
determined experimenta by a higl 
temperature galvanic-cell method 
The results obtained help to 
Predict 
tors 


what decontamination fa 


can be obtained in a fused-salt 
extraction process 

Assess the utility of metal-metal « 
traction processes 

Predict 
LMFR fuel 


graphite surfaces and 


whether uranium 
can react with 
vhether 
product iodine will be remo 
the fuel in an outgassing proc 

Evaluate the usefulness of an electre 
lytic 


elements in the presence of bismuth 


process for separating an t 
Develop electrochemical method 
analysis and contro! 
The basie conce pt and 
liquid-metal-fuel-reactor 
been described in detail pre 
The fuel is a O.1% 
U*** in bismuth with sma 
Zr and Mg added for corrosion int 


is moderated with 


olut on 
nount 
tion The reactor 


unclad graphite, and the operating 

temperature is approxima WOO” ¢ 
The fission products 

bismuth exhibit a ver 

physical and chemical proj 

the majority of important 

removed by fused-salt 

degassing the bismuth 

divided state (the 


gases including Xe and Kr 


latter 


The most promising molte 


104 


ternary eutectic ol 
This salt will re 
of the 
with 


extraction is the 
MgCl.-KCI-NaCl 
move the rare-earth metals (on 
major sources ol fission POISONS 
out altering the uranium concentration 
ippreciably 

rhe activity coefficients of | oF 
Mig, Na and Li in bismuth have 
describing 


been 
measured, Their use in 
quantitatively certain equilibria impor 
tant to the LMFR scheme is set forth 


here 


Coefficient Measurement 


The galvanic-cell method was used 


to measure all activity coefficients 


he cells were of the form 


M (s or 1)|Mt* 4 


supporting 


electrolyte| M-Bi (| 


here M is a metal more electropositive 
M** is an ion of metal M 
M Bi is a bismuth alloy ol 


than bismuth 
of valence n 
the metal, the supporting ¢ lectrolyte is 
and (| 
states 


molten salt, and (s 


solid 


inert 


r to the and liquid 
re pectively 
Phe kMI 


the partial molar free energ) 


ind the Mb 


of such a cell is related to 


Ol mixing 


activity of metal 


nyt 


RT |n ay 
R7 In fu Nw 


\P'y 
AF y is the molar tree 
energy of mixing; &, the Farad 


tant: / the electromotive 


here partial 


the absolut 


tivity of the 


temperature; dy 
metal Ju, ite 


oefficient, and Ny, its mole frac 


Since the liquid-metal-fuel 


perates with very small co 


ons of uranium, magnesium 
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FIG. 1. Galvanic cell used to study activity 
coefficients in bismuth. Potentials are 
measured at shaft seal with K-2 potentiom 
eter. Kovar rods are inserted through 
“true-bore” tubing allowing electrodes to 
be lowered into molten salt bath in large 
molybdenum cup. Left-hand electrode is 
solid pure metal. Measurements are run 
in argon atmosphere purified over heated 
calcium chips. Molybdenum and tantalum 
electrode holders are degassed in high 
vacuum at 2,000° C by means of induction 
furnace before cell is assembled. Thermo- 
couple protected with tantalum foil is im- 
mersed in salt to measure temperature of 
experiments 


products dissolved in bismuth we 


shall be concerned here only with very 


dilute solutions In this special case 


Vu 0 and fy >fy, where fy” is the 


tivity coefhcient at infinite dilution 


h according to Henry's law ,) 


not vary with the concentration 
e cell used in these experiments is 
in Fig. 1 A different cell was 
1 to study the Na-Bi system The 
Fig. 2) is very similar to that 


Hauffe (3 
ectroly of 


ind incorporates a 
soda lime iiss 
used to 


3 show a similar cell 


veral alloy entrations at 
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FIG. 2 


system. 


Galvanic cell used to study Na-Bi 
Electrolyte is solid soda-lime glass 


The following cells were studied: 


Pb (1)|LiCl-KCl (eut.) 
5% PbCI,| Pb-Bi (1) 
eut.) 
5% CeCl,s|Ce-Bi (1) 
Mg (s)| MgCl-NaCl-KCl (eut.) 
Mg-Bi (1) 


LiCl-KC] 


s)/Licl KC] eut.) 

5% UCI,|U-Bi (1) 
LiCl-KC1 (eut.)|Li-Bi (1) 
soda-lime glass| Na-Bi (1) 


first cell was operated to check 
gn since the activity of Pb in Bi 
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FIG. 3. Cell similar to that of Fig. 2 for 
studying several alloy concentrations at 
once 


was known. Salts used were all an- 
hydrous and purified under vacuum or 


HCl. 


are shown in the table 


Results of these measurements 


Applications 
The following examples show how 
thermodynamic data can be applied to 
reactor technology and pyrochemical 
processing of reactor fuels 
Rare-earth extraction. 


used as @ repre- 


Consider 
the extraction of Cr 
sentative rare earth) from a dilute Ce- 
Mg-Bi alloy by means of the ternary 
MgCl,.-KCI-NaCl 

/ 


less stable (4) 


eutectic Since 
MgCl, is considerably 
than NaCl and KC! (20-25 keal/mole) 


it alone will react with the Ce 


+ 3MgCl 2CeCl, 


+ 3Mg( Bi) 


2Ce( Bi) 


where the salt and metal phases are as- 


sumed to be completely immiscible 
The free-energy change of this reaction 
with all products and reactants in their 
standard states is related to the equi- 


librium constant b 


AF° RT ln K 


K = exp (—AF°/RT) 


Knowing the free energy of formation 
of the chlorides (4), one calculates 


Also 
z 4 
K a*ceci ms 
a wgci,* . 
NV ecc1,V we S coc I? ue 


\ MgCl, N 2056 Sf ugoi,t”' co 


(1) 


10~*)* 
10 14)2 
10'* (2) 


(10°-')%2 & 
(O.3)°3 & 
3.3 & 


f’coci,S”' me 
Sma int "ce 


where the activity coefficients in the 
salt phase are estimated from measure- 


ments on similar systems (46). Wenow 


obtain from Eqs. 1 and 2 


Neeci, K (4 mean)" 
Noe ¥~ Nuss 


Inserting the values of K and ¢, we 


16 x10 (Sees) 


1 for 


obtain 


Neer - 


Nee 


This equation is plotted in Fig 
Nucor, = 0.5. 

The points are taken from laboratory 
experiments (6) where the alloy and 
salt are contacted in tantalum crucibles 
tracer tech- 
that for low 
Ce will be 


and analyses made by 


niques It can be seen 
magnesium concentrations 
removed to the salt phase 

Uranium-graphite reaction, An- 
other interesting and important appli- 
cation of these thermodynamic quanti- 
ties is the study of possible carbide 
formation by reaction of the dissolved 
uranium with the graphite moderator 
Knowing the activity of U and the free 
energy of formation of uranium carbide 
(7), one can predict whether a signifi- 
The 


cant amount of carbide will form 


reaction is 


U (Bi) + C (8) =< UC (#) (3) 


AF°® — 26,000 4+ 27 RT in K 


At 500° C, K 7.9 &* 10° 


Also 
a 
aeads 
the 


insoluble in 


will 
105 


carbide and 


the 
graphite are completely 


Assuming that 


bismuth, then at equilibrium the 
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MODEL 3000 


Simplified analog computer solves wide va 
riety of engineering problems. Detachable 
problem boards and plug-in ce mponents fa 
cilitate rapid problem set-up 


Can be expanded building block fashion to 
larger computing system. Function generator 
multiplier, chopper stabilizer, and other ax 

cessories available. Write for complete data 
Model 3000, $1150, FOB Factory 

Problem board $95 


DONNER comeany 


839 Galindo Street 


Concord, California 


exist in their standard states, i.e., pure 


solid substance Therefore, their ae 


tivities will be unity, or 
K 


At equilibrium then 
ay 1.27 10 


but the activity of U at a concentration 
of 1,000 ppm is only 


ay = Nvf* x 10 


Since this is lower than the equilibrium 


value for reaction 3, no carbide will be 
In other words, the 
affinity for the bismuth than 
it does for the graphite 
lodine removal. Another 


is afforded by the possibility that iodine 


formed uranium 


has more 
example 


will be removed from the reactor in the 


degassing Since iodine is a 


Process 


precursor to the highly poisonous Xe 





~~ 


sat aid ~ 
10 10 10 
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FIG. 4. Extraction of Ce from Ce-Mg-Bi 
alloy into ternary eutectic MgCl».-KCI-NaCl 
with N ug ly 0.5 


it would be very advantageous to r 
move it before it decays 

both U 
the iodine will not exist in the 
form I, If it 


will not be vola 


Because and Bi form stabl 
iodides 
clemental exists as an 
iodide of uranium, it 
tile; but if it exists as an iodide of bis 
muth, it should volatilize 
ation (4) It is also well known that 
alts 


extent at these temperatures (4), 


with dissoci 


dissolve in metals to a limited 
lorm 
ing compounds whose stoichiometry is 
different 


temperature, In 


considerably from those ex 


perienced at room 
view of these considerations, one might 
guess that the following equilibriun 


exists 
Bil + U (Bi) — UI + Bi 


where AF RT in A 


Because the free energies of formation 
of Bil and UI are 


be estimated by taking one-third 


not known, they can 
only 
of the values of Bil; and UI 


A ox 10° 


obtaining 


Again 


avuide 


Api 


since the solution is 


From Kq. 4 


where (1 4) l 


nearly pure bismuth 


Vv; f wit 
Sau 
V pit four 


Lf f?wis/feur |, then Nui/N gis 25. 

This amount of Bil should allow the 
removal of some iodine by a degassing 
step 

Metal concentrations in Bi. Cells 
of the type described may also be used 
directly on a reactor for giving the con- 
centration of various metals in the bis- 
muth For 
\ig electrode into a molten salt bath of 
MgCl.-KCl-NaCl 
in contact with the bismuth solution of 


example, by inserting a 


eut.) that is in turn 


the reactor, one will observe a potential 
that is a direct indication of the Mg 
The tem- 


perature of such a system must be well 


concentration in the reactor. 


controlled for accurate results. 
In the case of metal-metal extrac- 


tion, the activity coefficients are also 
When 
and B are immiscible (e.g., Bi-Zn or 
3i-Al), and a third metal is distributed 


between these two metals in contact, 


useful, two liquid metals A 


the following equation holds 


B 


Nut/Nu® = fu? /fa™ 


Thus, when the activity coefficients 
of the metal M are known in metals A 
and B, the 
two phases may The 


when dealing with 


the distribution between 
be calculated, 

formula holds only 
dilute only 


and B are not 


solutions and is 

metals A 

completely immiscible 
Electrolytic processes. In the de- 


sign of any electrolytic process of fis- 


approxi- 


mate when 


sion-product removal, the activity 
coefficients will be needed to determine 
the potential to be applied lor SC pa- 


rating various metals 
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APPLIED RADIATION 





Sinclair Facility 
Uses Spent MTR Fuel 


Spent fuel elements from the Mat 
rials Testing Reactor at Arco, Idaho 
supply the radiation in an unusual 
gamma facility recently opened at the 
Sinclair Research Har 
vey, Ill., near Chicago, Four elements 
~300 days are 
now in use for initial experience, but 


Laboratories. 
that have been aged 

shielding and handling facilities ar 
sufficient for up to eight elements aged 
as little as 20 days after their reactor 


This is the first 
licensed by the 


service, industrial 


irradiation facility 

Atomic 

use of spent fuel elements 
The shows the 


the new radiation-laboratory 


Energy Commission for the 


drawing plan of 
building 
The radiation cave includes an 18-ft 
deep water-filled well for storage of th 
elements. Access is through a 155 
000-lb magnetite-ore-filled door inter 
locked with the source-handling mecha 
nism so that the door can be open only 


when the source is locked down in its 


—— ee ee 


Floor 


vault 


Tracer laboratory 


f 


[ Dark 
room 


Office 


54 ft 


FLOOR PLAN shows counting room at lower left, radiatior. cave at upper right. 


storage position. Shielding of the 


cave is thick enough that no change in 
background can be observed in the 


nearby room with either 


G-M or 
source is raised from the storage well 


counting 
scintillation counters as the 
Since the present elements have lio 
the radiation strength of those expected 
in the future, it is anticipated that 
background differences may be ob- 
servable with more active elements. 

In the photo 


graph can be seen the top of a special 


Process irradiations. 


process vessel surrounded by the four 
spent fuel elements, Vessel and source 
holder are designed so that an experi 
up in the cave and 


ment be set 


then 


can 
from the 
The 


vessel can be connected to experimental 


carried out remotely 


adjacent radiation laboratory 
equipment in the laboratory by means 
of pipes, tubes, and wires that pass 
After the 


experiment is arranged, the radiation 


through the pipe labyrinth 


ow 
A » Concrete 
~ Shielding window 
ove ; 4 1 ‘a 
Peveerettccereceetye Li. 
Storage 
wel! Door ¥ 


4 4 
Magnetite a 
concrete 
-- J 


Radiation 


Magnetite ; 


Conveyor 


Deionizing f 
equip 


Pipe 
labyrinth 


Radiation 
laboratory 
* 


Hood 1 
‘co! om co 
| 
—e 


~ 


Pipe 


labyrinth connects cave and adjacent laboratory so that irradiations and measure- 


ments can be made simultaneously 
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RADIATION CAVE. Handwheels below 
viewing window raise spent fuel elements 
from storage pool, and place them 
around special process’ vessel designed 
for facility 


source can be raised from its well and 


positioned around the process vessel. 
This motion is accomplished by turning 
the hand wheels shown in the photo- 
graph. Meanwhile manipulations in 
the radiation area can be accomplished 
with the The 


things 


manipulators shown 
conveyor is designed to carry 
to and from the radiation area while 
experiments are in progress 
Dose from the elements now 
is 216,000 r/hr at the 


when the 


in use 
center of the 
configuration elements are 
These will s00n be ré plac ed 


that will 


in water 
by 90-day-cooled elements 
deliver 800,000 r/hr. Evy 
planned to use 30-day-cooled elements, 


entually it is 


and these will deliver 2.5 « 10° r/hr. 
Thus the 
equivalent to 


source will be 


Co 


eventual 
~46.000 curries of 
used in the 

Advantages of spent fuel. 


same geometry 
Spent 
fuel was chosen as the radiation source 

It will deliver 
than 
sources b) The 


for several reasons a 
gamma currently 
available Co! MTR 
elements have large physical dimen- 
make 


standard 


more energy 


sions, which them convenient 


for use with process equip- 


ment. (c) Their radiation represents 
fairly well the spectrum that will be 
available from reactors designed espe- 
processing d) 


cially for radiation 


Gamma radiation is suitable for use 


with heavy process vessels that are 


required for high-pressure experiments 
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Industrial Nuclear Technology Conference Shows 


. « » Worldwide interest in applied uses of radiation. Here, 
Japanese delegates compare notes on conference as. . . 


- « - Radiation Use Expanding 


. . « Belgians (two facing camera on left) enjoy corridor smoke 
while others registered at conference which showed .. . 


Satellite wear, neutron irradiation of glasses, polymer dosimetry 


are among subjects at conference on nonpower nuclear technology 


A RADIOACTIVE surface and a l-oz de 
tector will determine the 
the first earth satellite 


someday be dyed by 


wear rate ol 
Textiles may 
means of irradia 
tion, These were among novel uses of 
isotopes and radiation described May 
14-16 in Chicago at the s 


trial 


cond Indus 


Technology Conferences Some 
10 speakers discussed latest advances in 
the use of radiation effects, improved 
nuclear techniques, and advances in 


nuclear instrumentation 


Tracer Experiments 


Most novel among the uses of tracer 
isotopes reported is the determination 
of the wearing away ol the surface of 


S. F. Singer 


cle scribed tt 


a satellite or space ship 

(University of Maryland 
system designed for the first earth sat 
ellite of Project Vanguard, A 
active coating on the surface of the 
satellite en 
counters interplanetary dust 


radio 


satellite will wear as the 
A meas- 
ure of the rate of wear will give infor- 
mation on the endurance of the surface 


110 


and also on the nature of the dust it 
encounters. A detector weighing less 
than | oz is mounted near the skin of 
the satellite to detect the 


and transmit its 


radiations 
information to the 
parent planet 

G. G. Eichholz (Canadian Depart- 
ment of Mines and Technical Surveys) 
spoke on the use of tracers in large 
Irradiated ore 
samples and salts that adsorb on ore 


ore-processing plants 
particles are used to follow particles 
determine contact times, and measurs 


circulation times, recirculation, and 


short-circuiting. 


Radiation Effects 


Several papers were devoted to radi- 
ation effects in polymer systems, An 
interesting application is a high-dose 
go-no-go dosimeter that is likely to 
have application in food-irradiation 
problems and radiation processing. 


F. E. Hoecker and |. W. Watkins (Uni- 


versity of Kansas) fill gelatine capsules 


with a mixture of styrene polyesters 
that gel upon exposure to radiation. 
\ small steel ball in the capsule indi- 
cates gelation, since it will no longer 
fall through the material after gelling 
The threshold dose 
adjusted between 30,000 and 
250,000 r by adding an inhibitor, which 


has taken place. 


can be 


is a scavenger for the radicals that lead 
The inventors 
that the threshold can be extended to 


to gelation. believe 
higher doses without limit. 

The 
tion used to change refractive indices 
according to N. J. Kreidl 
and J. R. Hensler (Bausch and Lomb 
Optical Co.). 


future will see neutron irradia- 
of glasses, 


Neutrons will also be a 
research tool to study glass structures, 
they said, 
diation effects in glass these authors 


In an invited paper on ra- 


discussed current uses of glass in do- 
simetry, shielding, and radiation-resist- 
They that 
both darkening and fluorescence are 


ant optics. pointed out 


being used as dose indicators. Dosim- 


etry glasses now reach 10’ r. 


July, 1957 - NUCLEONICS 





D. |. Gordon and R. S. Sery (Naval 
I Laboratory) described the 
mag- 
studied the 
response of seven commonly 
whetic materials during and 
radiation in the 
r: 2 \ 


% silicon-iron 


radiation on 


iterials They 


reactor 


Brookhaven 
16 Alfenol, 
showed the 


Permendur, 


changes during irradiation and 
afterward, 


materials showed changes only 


omplete recovery 
r response to frequencies in and 


ibove the audio range, and 
wed significant changes in 
cal properties that would affect 
inctioning in magnetic devices. 
Disagreement with current theories 
Oo effects in high  poly- 
mers was expressed by M, Dole and 
D. C. Milner 
sity Phe 


significant effects are hydrogen-gas lib- 


radiation 
Northwestern Univer- 
assert that the two most 
eration and production of unsaturated 
bond This is evidenced by their ex- 
pr ritve 
low te 


nts in irradiating polymers at 
mperatures, 

A possible new application of 1oniz- 
ing radiation 
Saldick (Advanced 


niques Research 


was suggested by J. 
Scientific Tech- 
Associates), who is 
studying the dyeing of synthetic fibers 
with their aid 


W. J. Kosiba G. J. Dienes 


Brookhaven National Laboratory) de- 


and 


scribed experiments on effects of reac- 
tor radiations on graphite. Oxidation 
increased by previous irradiation, 
and it is further increased if the oxida- 


takes place in the presence of 


gamma radiation 


Nuclear Techniques 
designed accelerators were de- 
speakers from Canada and 
P. Lorrain (Univerite de Mon- 
lescribed a pressurized high-fre- 
wkeroft-Walton accelerator 
rument has 24 and 
32 ki 
olt output, stable to +1% 


stages 
rates at It is capable of a 


100,000 
125-ua beam 
the 24- 


ge design leads to compactness. 


t will supply a 
leuterons. Paradoxically, 
H. Kamogowa and his associates 
Co ) 

betatron, 


Pol Shibaura Electric have 


yped i 
ribing it they pointed out that 


light-weight 


ght is only 1,035 lb as compared 


% tons of the usual betatron 


15-Me 
dical 


instrument is intended 


therapy and industrial 


Vol. 15, No. 7 - July, 1957 


A new use of neutron beams is in 
measuring the glass content of glass- 
reinforced plastic laminates. The sys- 
tem depends mainly on absorption of 
the boron of the 


A difficulty arises from seatter- 


thermal neutrons by 
glass. 
ing by the plastic. To make the sys- 


tem insensitive to the amount of 
plastic present a moderation-diffusion 
method has been developed using a 
D. G. 


Simons (Naval Ordnance Laboratory) 
described it. 


source of epithermal neutrons. 


A hydrogenous moder- 
ator in front of the sample slows fast 
to thermal A 


tween sample and 


neutrons diffuser be- 


detector scatters 
thermals out of the beam 
thicknesses of the 


possible to achieve such a balance that 


By adjust- 
ing the two it is 


additional plastic subtracts as many 
thermals by scattering as it adds by 
moderation. 

The polonium-beryllium reaction is 
now used in the detection of hazardous 
beryllium dust 
filter 


alphas 


air-borne Samples 
collected on 
to Po? 


resulting gamma 


paper are exposed 
Counting of the 
indicates the 


R. Gold (Ar- 


mour Research Foundation) described 


rays 


beryllium concentration 


the system. 
H. L. Cook (Ohmart Corp.) spoke on 
with a 


u liquid-level gage range ol 


15 ft and 4¢-in. accuracy The system 
uses a point source, a point detector, 
and a servo system that causes both 


source and detector to follow the liquid. 


Instrumentation 


Two papers by researchers at Armour 


Research Foundation discussed the 


proportional counters with 
K. Rothschild described fluor- 
of de- 
tecting as little as 10°° gm of a sub- 
D. Greenberg and L, Reiffel 
measurements 
The 
method consists of measuring the ab- 
X-rays at 
several frequencies and solving the 


use of 
X-rays 
escence spectroscopy capabl 
stance 

discussed absorption 


designed for organic analysis 


sorption of monochromati 


resulting simultaneous equations 

Two papers presented improvements 
in beta-ray spectroscopy. OD, B Beard 
(Lockheed Missile Systems 


has improved the performance of uni- 


Division) 


form-field helical-orbit spectrometers 
by designing collimating slits to restrict 
the direction of injected particles 
W. W. Meinke and D, G, Gardner 
(University of Michigan) have de- 
signed and used hollow scintillators to 
They 


been able to study beta spectra down 


minimize electron escape have 


to energies of 0.1 Mey 


Why & Who of Conference 


The Industrial Nuclear Technology Confer- 
ence, in its second year, cosponsored again 
by NUCLEONICS and the Armour Re- 
search Foundation, was set up to serve as 
a specialized forum on the sonpower 
aspects of nuclear technology. Drawing its 
attendance from users and designers of 
radiation sources and equipment, the meet- 
ing attracted 300 registrants from 236 
laboratories and 12 foreign countries. 
Again, in a survey conducted at the con- 
ference, attendees were almost unanimous 
in requesting continuation of it on an an- 
nual basis. This is expected. In fact, ideas 
for papers for 1958 should be submitted to 
ARF or NUCLEONICS, 


CONFERENCE BANQUET is addressed by Normon Hillberry, director of Argonne 
National Laboratory speaking on “The Challenge of Industrial Nuclear Technology” 
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Atomkraft 


By FRIEDRICH MUNZINGER (Springer-Verlag, 
Berlin, 1957, xi + 224 pages, $7.00) 


Reviewed by Davin Eperrin, Defense 
Electronic Products, Radio Corporation of 


America, New York, N. Y 


This is the second edition of a book 
well 
received, for in a matter of only a few 


that apparently has been very 


months the first edition was completely 
This is undoubtedly due not 
ilso to the 


sold out, 
only to the subject, but 
author's lucid style 

The book is divided into three parts 
In the first part, Dr. Munzinger treats 
the theoretical preliminaries. Among 
the topics covered are atomic structure 
splitting of the nucleus, nuclear trans 
formation, chain reactions, slow and 
fast neutrons, biological and thermal! 
shielding, the methods of measuring 
used in atomic physics and the cooling 
of reactors, 

The second part deals directly with 
nuclear reactors and includes a survey 
of gas-cooled heterogeneous reactors 
water-cooled reactors, fast-breeder r 
actors and liquid-metal-cooled reactors 
Consideration is given to the utiliza 
tion of the heat generated in a reactor 
and in particular to the conversion of 
Also 


considered here is the danger of reactor 


this heat into electrical current 


accidents, 
In the third 


siders some of the economic 


part the author 


con 
questions 
that have motivated the international 


race in atomic facilities 


ventional fuel prices \ 


power con 


itomic”’ fuel 
costs; depletion of conventional fuel 
scientific tal 
America 


building 


resources; the necessary 
ent; the progress of england 
Russia and Germany in the 
of atomic power plant 

It is regrettable that this fine book 
will be, in effect, unavailable to the 
large number of workers in this field 
who cannot read German 


BOOKS RECEIVED 


Semiconductor Abstracts, Vol. 3, 1955, 
edited by E. Paskell (John Wiley and 
Sons, Inc., New York 
pages, $10.00), 
abstracts, compiled by Battelle Memo 


1957, vu + 322 


The cove rage of these 


rial Institute, is expanded to includ 
conference Results are in 


cluded in most abstracts 


papers, 


Magnetic-Amplifier Circuits, 2nd. ed 
by William A. McGraw-Hill 
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CGevyger 


took ( 0 Ine ° New York 
394 pages, $7.00). 


graphical methods are primarily used 


1957, xui 4+ 


Descriptive and 


for qualitative and quantitative ex- 
planations, Revised material includes 
that on single-ended and push-pull self- 
stati 


balancing amplifiers, and dy- 


namic performance with or without 
positive feedback, instrumentation cir- 


cuits and new applications 


Light Scattering by Small Particles, by 
H. C. van de Hulst (John Wiley and 
Sons, Inc., New York, 1957, xiii + 470 

$12.00), This book is divided 
three scattering 


page s 


into sections: basic 
theory, the physics of special particles 


and applications 


Nuclear Weapons and Foreign Policy, 
by Henry A 

Brothers, New 
pages, $5.00) 

of Kissinger’s opinions, this book was 
group 
chaired by Gordon Dean and sponsored 


Kissinger (Harper and 
York, 1957, xx + 455 
Although an expression 
stimulated by discussions of a 
by the Council on Foreign Relations 
Kissinger compares Russian and U, 8 
foreign policy operation, delineates the 
complexities introduced by nuclear 
weapons, and points out the need for a 
stated define the 
future course of U. 8. policy 


clearly doctrine to 


La Chimie Nucleaire et Ses Applica- 
Haissinsky (Masson «& 
1957, 65! about 


Four main fields of 


tions, by M. 
Cr Paris, 

$16.00) 
chemistry are covered in this book: nu- 


pages 


nuclear 


clear properties and transformations, 
the radioelements and the physical- 
chemical behavior of the imponderable 
radiations and 


quantities of matter, 


their effects and radioactive and iso- 


topic tracers. 

Pump Selection and Application, by 
Tyler G. Hicks (McGraw-Hill Book 
Co., Inc., New York, 1957, xiv + 422 
pages, $8.50). This book is written as 
i guide to select the best pump for a 
given set of conditions, from the small 
est pump to the largest. A chapter is 
devoted to nuclear engineering applica- 
tions. This chapter, in 11 pages, de- 
scribes the types developed to meet the 
zero-leakage requirement tor radioat 
tive fluids 


ire those on power plants and chemical 


Among the other « hapters 
industries 


Grundlagen und Arbeitsmethoden der 
Kernphysik, edited by Gustav Hertz 


Akademie-Verlag 
$4.17 


1957, 279 


introduc- 


Serlin, 
pages This 
tory text contains S chapters the basis 
Hertz 
nuclear 


about 


of nuclear physics nuclear 


( Macke) 


nuclear physical measuring 


structure reactions 
Richter), 
methods (Weiss) and tools (Hartmann), 
Barwich), radio- 


nuclear reactors 


chemistry (Born) and paramagnetic 


nuclear resonance Losche). 

Radioactivity and Nuclear Physics, 3rd 
ed., by James M. Cork (D. Van Nos- 
trand Co., Inc., Princeton, 1957, xii 4+ 
$15 pages, $7.75). This introductory 
book contains a new chapter on recent 
nuclear-model theory and new material 
on accelerators and newly discovered 


particles 


Elementary Theory of Angular Mo- 
mentum, by M. E. Rose (John Wiley & 
Sons, Inc., New York 248 
$10.00). This book is the result 
It is 


written for the widest possible audience 


1957, x 4+ 
pages 
of a course given at Oak Ridge 
with a graduate-course 


out of those 


knowledge of quantum mechanics 


Transistor Circuit Engineering, edited 
by Richard F. Shea (John Wiley & 
Inc., New York, 1957, xx + 468 
$12.00) Aithough this book is 


concerned 


SOns 
pages 
with 


mainly transmitting 


and receiving circuitry, instrument de- 
signers will find the introductory chap- 
ters, a 60-page chapter on gating and 
pulsing circuits and another on special 
circuits of interest. 


Kurven und Tabellen fur die Strahlen- 
therapie (S. Hirzel-Verlag, Stuttgart 
1957, 184 $6.67) 


book presents graphs and 


CGrermany 
This little 
tables 


pages, 
to guide the radiothe rapist in 
determining proper dosage 

The latest 


general the 


and, in 
that are 


measurements 
measurements 
regarded as the most reliabl are 
included, 
Ther 
following 


tables of the elements, et 


are five chapters treating the 
Matters 
dosimetry, 
depth 


subjects: general 


determination of surface and 


dose, radium and radioactive isotopes 
and biology. 

This book will be available to a large 
number of workers in the field, since 
each page of German is repeated in 


english, French and Spanish 


ALSO OF NOTE 


The Isotope Index. In the 
1957 this 


rey ised 


edition of guide, all com- 


and radio- 
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mercially available stable 





pes, as well as 697 labeled 
ire listed from 53 U. 8. 
British, French and German 
Information includes half- 
ictivity and price, 100 p 
Equipment Corp 23 N 

e Lane, Indianapolis 19, Ind., 


gn § 0 


Stable Isotopes and Radioisotopes. 
r’} 957 editions of the catalogs and 
list all enriched stable iso 
| radioisotopes available from 
es Division, Oak Ridge Na- 
orator The radioisotope 
ribes reactor and cyclotron 
facilities available. Jso- 
Dept., Union Carbide Nu- 
Oak Ridge National Labora- 
P.O. Box X, Oak Ridge, Tenn 


Multichannel Pulse Height Analyzers 
Pu tion 467 This publication, 
H. W. Koch and R. W. John- 

nts the proceedings ol a 
sponsored by the NAS- 

2-28. 1956 Coverage 

zer systems, computer 

ind future needs and 

202 p Vational Acad 
Sciences—National Research 

101 Constitution Ave., Wash- 


S/H) 


Annals of Physics. The editor of this 
ntl! journal is P, M. Morse; 

t editors are B. Feld, H 

nd R. Wilson. Academu 

(11 Fifth Ave., New York 8 
April-June '57), $8.00; 


Dec. '57), $14.00 


Microprints of Declassified Papers. 
lier rint ol papers abstracted in 
{/ ts of Declassified Documents and 
Science Abstracts since July '47 

tilable as microprints (100 

on one side of 6 X 9-in 

Cards are projected on an illu- 

ereen, Readex Microprint 
University Place, New York 


Fractional Factorial Experiment De- 
signs for Factors at Two Levels. 
i nograph in the National 
Bure f Standards Applied Mathe- 
Series 48 contains designs for 

vhen all factors are at two 
conditions. Fractional ex- 

pnians are cataloged for 

nts having 5 through 16 

85 p. Superintendent of Dow 

i S. Government Printing 


Office, Washington 25, D. C., 80.60 
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For Assistance in 
Radiation Protection 


if you are designing structures or devices to house, handle, or trans- 
port radioactive materials, Federated can help you. 


With long years of experience in research, development, and 
the production of lead for radiation protection, and in the design 
of structures using lead for this purpose, Federated’s experienced 
metallurgists can supply you with authoritative information, help 
you develop practical lead protection devices. Working with nuclear 
scientists, Federated has designed interlocking lead bricks for use 
in the construction of nuclear power reactors, lead containers for 
storing and shipping radioactive isotopes, other containers for trans 
porting and disposing of atomic wastes. 


Lead is the most efficient protection against gamma rays because 
it is the densest of readily available low-cost materials and because 
it is not contaminated from exposure to radioactive materials 

Federated will be glad to work with you on any problems of 
incorporating lead into structures or devices that must provide radi 
ation protection. Just call your nearest Federated office 


a Salada“ Naa BS 


Division of 


AMERICAN SMELTING AND REFINING COMPANY 
120 Broadway + New York 6&6, N.Y. 


in Canada: Federated Metais Canada, Ltd., Toronto and Montreal 
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TULLAMORE announces the Model VTE-1 LETTERS 
VACUUM TUBE ELECTROMETER | Uranium in rocks 


The VTE—1 is a practical instrument —RELIABLE— DEAR SIR 
for the modern nuclear physics lab- —INEXPENSIVE— 
oratory. Small currents may be meas- p 

ured accurately and reliably. A RECISE— on ¢ Autoradiographic« Determination 
bucking current supply enables the of Radioactivity in Rocks,”’ by A. P 
operator to measure extremely small Abrahams (NU, March ‘57, p. 85). 


current variations. ; Po This is yet another of a long line of 
articles that have been published from 


SPECIFICATIONS: time to time on the use of autoradio- 
1, Current Range—10 ' toe 19° - graphic methods for the assay of 
amps. % uranium in rocks, and it contains 
2. eon Current Range—10° to } several assertions that I consider mis- 
. amps. leading and worth rebutting. 
3. glee ~seneaeil 0.3, 1, 3, IDEALLY SUITED FOR While there can be no question of 
. Drift—less than 1% per day THE MEASUREMENT OF the usefulness of autoradiography in 
CURRENTS FROM mineralogical investigations, its sensi- 


after 4 hour warmup. 
. Trip Circuits—Hi and Lo level trip SCINTILLATION tivity is too low to give sufficientl) 


circuits may be included for re- COUNTERS AND precise assays in a reasonable time. 
actor control applications. IONIZATION CHAMBERS The author claims that his method is 


, more precise, more adapted to use in 
Address inquiries to: the field and less expensive than a 


T counter In actual fact it is hard to 
U L LAMO R E conceive anything less portable than a 
Ihy La! Det LS Fi oo hs ClCTisi- 

ELECTRONIC LABORATORY a aenogng g 

OImMecer, en ig i Hilti ltt it 

6055 South Ashland Ave. * Chicago 36, Illinois samples must be exposed undisturbed 


for 2-3 weeks. The cost of a densi- 


I have read with interest the article 











tometer of the required accuracy 
would be comparable with that of a 
good-quality ratemeter or simple scaler. 
The amount of shielding required for 


a counter is not very great and there 
| & V E S$ T hh & tf T is no need for an automatic sample 
changer as suggested, as it would take 


longer for one man to crush and grind 


; ra nok h the samples to the required size and 
AWS ev E-WASH * to fill the sample containers than is 


needed to obtain an adequate count 


FO u NTA q ag 4% : If the samples shown in Fig. 2 are 


representative, then the nonuniformity 


of the samples themselves would rule 


FIRST AID equipment for eyes out completely the possibility that the 
is one of the best investments densitometer reading would give any- 
you can makel It minimizes thing more than an approximate indi- 
costly lneucence clalens end cation of the uranium grade kven 
thovelty lowers yout workman! with more careful grinding and mixing, 


compensation insurance rates—by reducing lost-time eye injuries. 


however, the inherent limitations of 


the photographic response curve intro 


Employees can cleanse injurious chemicals and particles from | duce far greater errors than the count- 
their eyes instantaneously —before the necessary medical aid ing statistics of a radiation counter 


Presumably a new calibration curve 


can be reached. HAWS Eye-Wash Fountains and emergency 
drench showers are designed and manufactured in cooperation 
with leading Safety Engineers—they provide clear water at con- 
trolled pressure. 


Ata minimum investment, this valuable safety equipment practically pays for 
itself in reduced insurance rates. Write for full details TODAY ! 


has to be plotted for every film to 
allow for variations in development 
It would have been useful if results 





had been included to compare radio 
metric and radiographic assay results 


for the same samples 


rol at. | 41, Lema eVlasaaae es It is hoped that these remarks will 


help to clarify some of the points arising 
1437 FOURTH STREET (Since 1909) BERKELEY 10, CALIFORNIA Pa i a 
from such a typical extrapolation of 
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investigations to uranium 
ing. Detailed descriptions 
ethods for radioactive ores 
for field conditions have been 
this Department and by 


Geological Survey. 


G. G. Ercnno.z 


Radioactivity Division 

s and Technical Surveys 
Ottawa, Ontario 
Canada 


hel | 


e read Mr. Eichholz’ letter with 
leal of interest. Several of his 
ire well taken, but based on a 
cture of the situation that is 
from mine, 
fu equipped darkroom and 
meter need not be portable. 
ettes may be sent back from 
| to the place where this equip- 
ocated for processing. The 
time required for low-grade 
ples is, of course, a disadvantage. 

An accurate densitometer is on the 

rket for $500. Descriptive catalogs 
f suitable shielded sealers and counters 
quote prices of $1,000 or more, even 

ithout automatic sample changers. 

I disagree with Mr. Eichholz about 

sunt of shielding required for a 
junter, where the sample counting 
rate is barely above background. 

Crushing and grinding time may be 
ippreciable where the work has to be 
done manually. However, I have 
found that for accurate sampling and 
reproducible geometry, the rock sam- 
les should be crushed and ground 
before counting as well. Grinding to a 
fine, uniform consistency is important, 
ind Mr. Kichholz is right in saying the 
samples depicted did not measure up 
to the usual standards. 

4 new calibration curve does, in 
theory, have to be plotted for each 
sample, but in practice the only work 
involved is a linear interpolation be- 
tween two given standard values. 

Although no comparative values for 
radiometric and radiographie deter- 
minations were included in the article 
is published, the precision of the meas- 
urements by radiographic means was 
greater than by radiometric means for 

uctivity samples. The opposite 
held true for high-activity samples. 

I wish to thank Mr. Eichholz for his 


constructive and instructive criticism 


Apert P. ABRAHAMS 


Division of Industrial Hygiene 
York State Department of Labor 
New York, N. Y¥ 
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U.S. RADIUM 


RADIATION AND LIGHT SOURCES 
TAILORED TO YOUR SPECIFICATIONS 


Custom light sources and 
source holders for process 
control instrumentation 
Sources feature selective 
spectral emission, long 
stable life, utilizing either 
solid or gaseous beta 
emitters. Minimal extra- 
neous radiation 


PPR ERE ESEE SESE E ESET E EEE EEE 


Extended gamma sources 
utilizing active foil for 
extreme uniformity of 
emission along source 
axis; for liquid level and 
interface gauges, incorpo- 
rates either Ra, Co*, 
Cs!*4 F Cs!37, Ey!*2, 


Beta gauge sources for 
thin stock; many configur- 
ations, intensities, ener- 
gies. Low energy sources 
incorporate Mylar or mica 
windows, contain Kr*°, 
T}204, H3, ci, Nie, Pm!47, 
Sr, 


SCS E EEE E HEE E ERE Ee 
SESS SEE HEHEHE EEE EEE EE EEE EEEEEEEEEEEREEEEEEEEE HEE EOE EERE EES 


STOPES EERE EEEEEEE EEE E EEE EROS 


4 


Neutron sources for reac- 
tor startup, activation and 
H-content analysis, bore- 
hole logging. Total emis 
sion from 2.5(10°)— 2.5 
(10’) n/sec. Provision for 
magnetic handling; cal- 
ibration (+ 15% to NBS 
standard) optional 


High brightness obstruc 
tion markers, backlighted 
exit signs, and mainte- 
nance-free signal lamps 
all utilizing long-lived non- 
toxic beta-emitters. Re- 
flector prototype (illus. 
trated) designed to your 
spec. Brightness to 1000 
ul. Visibility to 500 yds. 


Gamma source, general 27 
emission design for gaug- 
ing, radiography, irradia- 
tion. 

Intensity: from uc. range 
to 300 millicuries. Co®, 
Cs!*4, Ra, Eu'®?, 


SHS ESSE ESSE ESSE E SEES EEE EEEESEEEEESESEEESEEE EEE EEE EEE EEE EEESEEESESEEEEEEEEEEEEEEEEEEEEEE ESSE OEE EEE EEES 


SOSH SHEESH ESE SEH ESSE SEES ES EEE 
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~~ 


Thin-walled gas-filled 
gauge sources provide 
highly uniform beta emis- 
sion over entire length — 
for scanning wide stock. 
Broad range of intensities, 
utilizing non-toxic H®, Kr®®, 


Stable, sealed light 
sources for photometric 
reference, instrumenta- 
tion, process control, Se- 
lective spectrum, bright- 
ness from <<1—1000 yl. 
Calibration optional, 
Shielded. Utilizing H*, 
Kr*5, C4, S199, 


U. S. Radium will consult on — of sources 
to meet your specifications. Write Department f.7 


UNITED STATES RADIUM CORPORATION 


Morristown, New Jersey (az (ch ») 


Beta source, general man- 
ual-handling design, mini- 
mal extraneous radiation. 
Excellent thin-window de- 
sign for low-energy betas: 
Nie, HS C4. Pri 47. 


SSCS EEE EEE EEE EEE EEE EEEEET SHEESH ESE SEEE SESH EEE E REESE 


SHH ESEEE SESE HEHEHE CEE E EOE EEE EES 


5942 W. Chicago Ave., Affiliates 

Chicage 51, Illinois CANADA: Radelin-Kirk Ltd., 1166 Bay St., Toronto, Ont. 
5420 Vineland Ave., EUROPE: United States Radium jon (Europe) 
North Hollywood, California 36 Avenue Krieg, Geneva, Switzeriand. 
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PRODUCTS AND MATERIALS 


Polyethylene Tubing for Instrumentation Application 


By BRANDT KUPERSTOCK 
Inatrument De partment 

Oak Ridge National Laborat 
Oak Ridge, Tennesse 


In today’s ever 
product follows ne 
and the 
There | 


to experiment 


pace man 
keep up 
new 
ethylene tubing, for 
a real departure fron 
to. How best to us 
stand up to? WI 
Whiy isn’t it used me 


Advantages 


All of us are 
It is soft, b 
it, it gets hard It 


tubing 


pulled and straight 
bent 
racks, it has a pre 
Briefly, it look 

ene isn’t like that 


with a be nader 


I was talking to a 
salesman, He wa 
the techniques the 
for handling polyeth 
some pictures of pane 
He said: ‘ Plastic 

a neat installation, like 


tubing dor 


matter what chang oul 
often you replace instrument 
looks worse! Some 
ences with the stuff b 

Take the case of a 
installed in a corrosi 
tection from the atmo 
of transmitters wer 
floor 


Using color-coded tul ng 


the panel on a 
pipefitters quickly tubes 
tubing runs between field 
mitters, and = air 
sloppy, compared to the 
neatly installed in rack 
to—but colorful \ 
fully detailed 
imagine our dismay 

that all the 
outputs had 
fortunate that the pips 


been 


transm 


hee th ré 


plenty of slack in the tubing 


We merely had th 
116 


tube rel 


bundles 


d 


im 


l 


took about ten 


our first installation, we tried 


exchanged minute 
selore 
ome burn tests with short lengths of 
Held match, it 
burns What wa 


ult of a test 


tubing melts 
little 


interesting to us was the re 


in 
and slow] 
velder 

held a 


inder a burning torch \ 
cutting some angle iron, and we 
piece of plastic tubing under the shower 
of sparks. Kk after 
molten metal had fallen on th 
ind rolled off the side, there 
marks on Our 

After seeing that, we de 


ven SOTIM drops ol 
tubing 
were no 
visible Sia Ini pie 

ided to rut 
through in 


there 


ome temporary hook-up 


open area, even though knew 
vould be welding and burning going on 
there The tubs 
vith plastic tape and held in place 
After the we 


their worst, we 


later were bundled 
with 


h ul 


from the 


pipe clamps der 
got a call 


veren t 


done 


operators instruments wor 
ved the yatem 


of them 


ng Investigation sho 
is suffering from leal lot 
bundle 


Searching along the tubing 


ound a place six 
had fallen 
Drops of metal had been trapped in the 
between the bundled tubs 
Unable to roll off, they had 
little hol Althoug! 


this was an accident, it wa 


! long Wicre 


inches 
welding spark on the tubes 
revices 
burned 
in several tubs 
unlucky 
vell that it happened before we had 
decided on other job We take the 
precaution now of putting open runs ol 
lastic tubing inside conduit 
hese 


tage 


holes also showed us an advan 


of plastic tubing Short length 


holes 
with 


neluding were clipped out and 


union 


re pl weed 
Tools 


COMpPression 


one penknife two renches 


Polyethylene’s Properties 


Polvethylene is a poly mer Its mol 
numbers of 


ether in 


ules are composed ol large 
radicals bonded tog 


The 
the higher the melting point ind greater 


ethylene 


hains longer these chains are 


the strength. To insure thes iluable 


ular weight 
Thi 


a melting point of higher 


properties, an average moles 
of 15.000 should be specified 
issures you 
than 200° Ff 


0 


trength ol 
Poly 


exacting 


and a bursting 


psig, or more, at 100° | 


ethylene can be extruded to 


dimensions, so that '4 in. tubing can be 


0.005 in. 
0.040 tn 


pecified as 0.250 in. O. D 


Standard wall thickness ts 
\ », it 
1o00 It, or even 
readily 


had in black 


lable in lengths of 
The 


and ¢ 


s readil ivi 
longer 


plastic 


takes Bakelite dyes in be 


brown, red, yellow 


iolet 


orange 


blue ind natural 


green 
Phe 


are 


cut off to a sharp 
A single 
radius 
lamped to hold this 
bundled, and 
but must 


tubing can be 


with a penknife 


(] end 


n tubs can be bent toa l-in 
though it must be 
Tubs s Can ir 


cotel 


bend 
taped with plastic bape 


be supported to prevent sagging 
of the 


tubing | the 


(dre nicest things about poly- 


ethviene cost 5.9¢/ It 
tallation costs are also considerably 


than for metal tubing 


Packless Valves for HRT 


‘a8 stainl teel valves about 
used in the 


Homoge 
it Oak Ridge Na 


» ol a man’s fist are 


control tem ol 
is Test Reactor 

il Laboratory 
Low 
rv OOO psig at 
hydrostaticall 


pressure ilve were «ce igned 


QAO” ¢ vith bodies and 
tested at 
Actual 


condition ire 250 psig at 


stel- 


100 psig, room temperature 


eration 


Loo” ¢ Poppet materials are 


ted stainless steel and characterized 


th 58 deg taper. High-pressure 


were designed for 2500 psig at 


with bodies and bellows hydro- 


illy tested at 3750 
nperature Actua 


200 psig if 


psig room 


con- 
Most 


bellows 


operation 


ons are 300° ¢ 


are furnished with 


or and few with slip stems and 
wheels I izes are ‘4 in 


] 


utociave or welding connections 


ww actuators are reversible spring- 


Working area is 


with maximums working pressure 


d and all-metal 


> psi, giving an 


approximate 
(000 Ib thrust for '4;.6 in 


Robertshaw } ulton 


maximum 
thrust Controls 


( Knoxville, Tenn 
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eVelr Wale), Bie) Sita fe) 3) 
AND ACCESSORIES 


Mobile Monitor 


Roentgen Meter Radiation level of dust contamination 


l RP-1| has small anthracene can be detected with mobile air parti- 
suunted in slender probe to 
nto body cavity for obtaining 


rates NRD In- 
6425 Ktzel Ave st 


TY MATERIALS 


Scintillation Well Counter 


[ f uch scaler spectrometer, 2 


shielding surrounding Nal 
tal and detector that can be 
from lead shielding to pet 
crystals 


back- 


rate when used with 


other 


~ 0%; 


stitution of 
ensitivit Is 
uunting 


itemeter is ~300 cpm and At Britain’s nuclear center in Har- 


i to 20-340 epm when used well, stereoscopic television cameras 


assist in handling radioactive mate 
rials. TV equipment 


industrial Vidicon « 


ma-ra spectrometer Nu 
223 W. Erie St 


igo Corp consists of two 


0, Tl imeras, two con 


trol units, and two display monitors 


with 





used in conjunction master 


Products index slave manipulator thus permitting re 


mote handling at distances up to half 


Radiation Detectors and a mule 


Accessories a oon ee Cameras are 
with thei 


mounted side-by-side 
nelined so they 
nterest. Left- 
to leit eve 


sight lime 
Radioactivity Materials 
intercept at point-ol 
and Apparatus 
hand camera correspond 


and connects to one monitor thus giv- 


left-« 


New Materials 


. ing a the scen 
Literature Available 
Right-hand camera works similarly 


Industry Notes Two monitors are positioned in dis 





play cabinet ) pictures are superim 
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cle monitor. Has log count that 
gives range of 5 decades from 10-1 
Victoreen In 
Hough Ave 


acpm on single scale 
strument Co., 5806 


Cleveland 3, Ohio 


Photomultiplier supply. Model CS 
324XA_ supplies 800-2000 volts at 


O- Sma + 0.005 * 


regulated to 


against +10% line charges with 
0.035 volt regulation NJ 


Ave., Kenilworth, N. J 


Corp 


345 Carnegi 


Model Ti 
high-sensitivity 


Carbon counter. 
corporates 
volume, thin-window flow counter for 
Pracerlab 


Waltham 


low-energy 8 emitters 
Inc., 1601 Trapelo Rad 
\lass 


AND APPARATU 


New Team: Stereoscopic Television and Master—Slave 


posed by means of half-silvered mir 
ror. Vertically polarized filter covers 
one screen face while the other is cov 
ered by second polaroid filter which is 
horizontally polarized. If composite 
image is seen through polarized spec 
tacles, stereoscopic effect is obtained 

With camera, object within hot cell 
retains its dimensions, avoiding dis 
tortions sometimes experienced view 
glass shield a0 
close-up view of 


TV equipment costes $7,500 


ing through 
experin nts are 
possible 
while manipulator is priced at 34,4600 
Marconi'’s Wire 
Chelmsford 
manipulator) Sat 


Watford Hert 


a hand (television 

less Te legraph Ltd 
Keasex, england 
age & Parsons, Ltd 


fordshire, England 
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Westinghouse 
Canned Motor Pumps 


available 
for immediate 
shipment 


For high-temperature, radioactive fluids for nuclear reactors; 
For organic fluids and slurries; 
For pressurized controlled-circulation systems; 
Westinghouse “‘canned’’ motor-pumps, tested and in constant use in many 
plants for over five years, offer these advantages. 
*Suitable for hot standby operatior 
*No injection water sealing required. 
*Corrosion resistant alloys in all pumped fluid lines. 
*No seal maintenance. ‘*No bearing lubrication. 
*No leakage. (No external shaft seals; suction and discharge nozzles 
welded in line). 
Three models of these high efficiency, zero leakage pumps are now being 
stocked for immediate shipment. 
Order your immediate requirements now, or write for additional information: 
WESTINGHOUSE ELECTRIC CORPORATION, P.O. Box 868, 
Pittsburgh 30, Pennsylvania. J-57016 
PERFORMANCE CHARACTERISTICS 
Pump Models A-11-6 A-30-6 
Hydraulic Characteristics 


max. suction temp. “F 600 600 650 
Mak. system pressure, 
ps 2500 
net positive suction head 
required, feet 4 5 12 
Electrical Characteristics 
line 220/60/3 220/¢ 
rated kw input 6 5.75 
amperes per line 27 20.0 25.0 


A-150-D0 
2000 2500 


3 440/60/3 
17.0 


Dimensions and Weights 
(not to be used for construction) 
overall height 11%” 27%" 32%" 
max. diameter 8%" Sind 16%" 
owe suc lon nozzle, pipe size %” i 3” 
discharge nozzle, pipe 
° ” so " ’ F ’ ’ : size a 1%” 2A" 


COpecity 1m Gallons per minute weight, pounds, approx.) 60 265 1025 


Thirteen other standard models are assembled to order, and special ratings 
can be built to your specifications. 


you caw BE SURE...1F ITs Westi nghouse 
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Electrostatic Accelerator 


This accelerator, designed primarily 
for food and plastic irradiation, affords 
positive-ion current up to | ma or 
electron current to 3 ma Maximum 
voltage is 600 ky S.A.M.ELS 
noble France; U. 8. distributor: D 
Gignous, 50 Broadway, New York 4 


(rre- 


Coating Protects Lab Walls 


A newly-developed material seals lab- 
oratory walls from radioactive salt 
deposits. The material—Ceramix 

is used at Brookhaven National Labo- 
ratory to cover walls of a building 


housing water-treatment units for 
processing uranium fuelelements. It 
forms a smooth, seamless, highly 
glazed surface from which hot water 
will remove contamination Ceramix 
ivailable in eight basic colors; costs 
Preco Chemi- 
Corp., 84 County Court House 


Rd., Garden City Park, N. Y. 


less than ceramic tile 


Gamma Milker. 


lived y radioactive material for meas- 


Unit supplic s short- 


fluidized solid or liquid flow 
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May °57, p. 122). Auto- 
ston arrangement injects 
pe and flushing solutions; 
exchange resin unit ¢on- 
C's'* that furnishes Ba" 
ystem.—Tracerlab, Ine 
Joston 10, Mass. 


NEW MATERIALS 


Ceramic-Like Glass 


Pyroceram, newly developed poly- 
oxide made by turning 
talline glass into crystalline 
said to be “harder than 
ghter than aluminum and nine 
ronger than plate glass.” 
might be used in heat ex- 
or in high-lead-content for- 
for shielding windows 
il keeps its strength at 1300° F; 
iral strength up to 40,000 psi; 
ght. Electrical properties are 
low at high frequencies and 
Corning Glass Works, 

} 


BeO Crucible Wash 


Gi te crucibles used in melting 
i-base alloys are treated with 
im-oxide crucible wash. BeO- 

rucibles can hold carbon con- 

~100 parts/ million compared 

ious 1% carbon pickup 

oating is considered advantage- 
melting U-Nb and U-Mo 

t has not proven suitable for 

gy U-Zn alloys, where Zr content 
seryllium Corp., Reading, 

| 


Zirconium 
Reactor and commercial-grade Zr are 
in form of platelets, and 
ilar flakelike pieces about size of 
ind quarters. Platelets are 
edly superior to ordinary sponge 
they are non-pyropheric, 
oscopic and extremely pure. 
ling on quantity, price is $4.75 
for hafnium-free Zr sponge 
ets, as compared with former 
U. S. Industrial Chemicals 
99 Park Ave., New York 16 

Y 


Plastic fluors. Polystyrene with 


p-terphenyland tetraphenylbutadiene 


ible in rod forms 3-18 in. in 
eter, lengths up to 36in. Decay 


s~™4 X 107*.—Cadillac Plastic 


& Chemical Co., 15,111 Second, 
Detroit 3, Mich 
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It’s just part of the Victoreen story... 


RELIABLE 


REMOTE AREA 
MONITORING SYSTEMS 


RELIABLE systems for remote area monitoring—by 
Victoreen. That’s just part of Victoreen’s radiation moni- 
toring story. 

For we’re in production and can ship proven remote 
area systems to AEC requirements for radiation monitoring 
from a control center. 

Get the full story on Victoreen’s monitoring systems. 
We make them for air, gas, water, sewage, etc. That’s 
Victoreen—the name that means radiation detection, mon- 
itoring, and reliable protection. anor 


——e € E Z | Request your copy of Form 


3045a (remote area monitoring 


_— systems). 


\ 


Thewe ictoreen Instrument Company 


Instruments Division 
5806 Hough Avenue, Cleveland 3, Ohio 


WORLD'S FIRST NUCLEAR COMPANY 
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SCINTILLATION 
PHOSPHORS 


introducing 


NE 400 


for new simplicity and 
efficiency in neutron 
detection 


This is @ new type 
composition with Zn$ 


beron 
(Ag) 


polyester 
activator 
© Excellent neutron to gamma response ratio 
© High detection sensitivity 

© Supplied in thin disks of various diameters 

© Also available with enriched 6 


PLASTIC PHOSPHOR 
NE 102 


Our new plastic scintiliator possesses 
an extremely high light output (60-65 % 
of anthracene) It provides superior 
Performance at high counting speed 
with maximum efficiency and greatest 
economy 
shape 


LOADED LIQUID 
SCINTILLATORS 


in bulk of encapsulated containing Pb 
(for x-ray sensitivity), Gd, B or Cd 
for neutron detection, and Scintillating 
Gels for internal counting 


SCINTILLATION 
CHEMICALS 


Wide range of highest purity materials 


Available in any size or 


where research COUNTS 


enterprises lid. 








1750 Pembina Highway 
WINNIPEG 9, CANADA 


Associate Co 
Nuclear Enterprises (G.8.) Lid 
Bankhead Medway, Sighthill, Edinburgh 11, Scotland 
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LITERATURE AVAILABLE 


Magnesium and titanium with their 
mechanical and physical 
44 p. Brooks & Perkins, In« 
Fort St., Detroit 16, Mich 


properti ~ 
1950 W 


Glassware catalog TG-15 contains 
prices on 11,130 laboratory 
244 p Konts s Glass ( 0 


Vineland, N. J 


and scien 
tie items 
Dept P-159 


Pneumatic control valves, pilot-oper 
ited =poppet-type. 16 p.--Galland 
Henning Nopak Division, 2713 
31 St., Milwaukee 46, Wis 


South 


Van de Graaff particle accelerators for 
research and industry in Bulletin H 
High Voltage Engineering Corp., Bur 


lington, Mass, 


Zirconium and hafnium uses. 12 p 
Industrial Chemicals Corp., 99 
Park Ave.. New York 16 N y 


| — 


price list.-Schwarz 


230 Washington St 


Radiochemical 
Laboratories, Inc 


t. Vernon, N. ¥ 


Argonaut-like UTR with specifications 
cutaway and typical layout for facility 
irrangement 16 p American 


Standard Corp Redwood City, Calif 


Precipitation hardening of stainles 
booklet 5 electric 
Foundry Co., 2141 N. W. 25th 


Portland 10, Ore 


Steel 


Ave 


steel in 


Basic weight control via thickness 
gaging for paper industries 12 p 
Nucleon “ 1205 


Ave Ohio 


Industrial Corp 


( hesape ake Columbus 12 


Crystal lattice models, organic molecu 
safety-glass shields ete 
HOOL S 


lar models 
Arthur 8. LaPine & Co 
Ave., Chicago 29, Ill 


Knox 


Typical nuclear power station layout 
ind performance 
PWR. 9 p.—Martin 
Baltimore 3, Md 


specification of its 


International, 


Radiation gaging of wide variety of 
sheet 
In 1610 


Vi ass, 


materials, 36° p rracerlab 


Trapelo Rd Waltham 


High temperature alloys of 10 high 
strength types with engineering proper 
ties and fabrication characteristics. 20 
». Carpenter Steel Co., 3167 W. Bern 


St., Reading, Pa 


Thermistors—wafer, rod and bead 


with specifications and characteristics 
Industries, Ine., 212 
Metuchen, N. J 


10 p.-Gulton 


Durham Ave.,, 





RADIATION INSTRUMENT CO. 


MERCURY PULSER 


Featuring Versatility and Precision 


mopet 401 $1959 


SPECIFICALLY 
DESIGNED 
for the 
NUCLEAR 
PHYSICS 
LABORATORY 


FAST RISE AND EXPONENTIAL DECAY SIMULATES 
SCINTILLATION, PROPORTIONAL OR GEIGER COUN- 
TER PULSES FOR TEST AND CALIBRATION OF AMPLI- 
FIERS, PULSE HEIGHT ANALYZERS, SCALERS, ETC. 


Rise time: less thon 0.003 microsecond. 

Decay time: selector switch for 1, 
microsecond RC decay 

Pulse amplitude: | mV to 1 V in 10 steps (from 
internal supply) 

Provision for external battery for pulses up to 45 
Volts (continuously variable). 

Provision for calibration by external potentiometer. 

Polarity switch permits selection of positive or nega- 
tive pulses. 

Output contains only pulses of desired polarity. 

latest improved Western Electric relay 
Repetition rate 3600 ppm. 

Precision Resistors throughout for high accuracy ond 
stability 

Stable mercury cell, protected by AC relay, lasts for 
shelf life. 


RADIATION INSTRUMENT CO. 


?.C. BOX 733 SILVER SPRING, MARYLAND 


10 of 100 


mercury 





WASTE DISPOSAL 


* RADIOACTIVE 

* Explosives 

* Pyrophoric Materials 

* Poisonous Gases 

* Flammable Materials 

* Contaminated Equipment 
* Toxic Materials 

* Acids and Caustics 
COMPLETE SEA DISPOSAL 
Serving the U.S. Since 1946 


Truck pick-up for safely removing 
dangerous waste is provided by Cross- 
roads. Waste can also be shipped con- 
veniently to Crossroads for disposal 
from any point in the country using 
the proper type containers shipped in 
accordance with ICC regulations 
Crossroads will supply containers and 
shipping instructions, if desired, 
Authorized by all necessary 
Federal, State and Local Authorities 
7 


Call, write or wire for complete infor- 


mation 


MARINE DISPOSAL 


Crossroads mane pistes 


BOSTON, MASS 
3-4908 


26 1 WHARF 
LAfayette 
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Decontaminate 
radioactive clothing 
with American 


world’s largest manufacturer of 
laundry and dry cleaning equipment 


A complete planning service is available 
from The American Laundry Machinery 
Company to help nuclear plants establish 
efficient decontamination and laundry 
facilities 
Chis service, based on more than 89 
years’ experience in the textile mainte- 
nance field, includes detailed drawings, 
floor plan layouts and complete specifica- 
tions for each installation. Finished plans 
show the location, size and floor loads of 
all machines. Solvent, water, steam, com- 
pressed air and electrical requirements 
puted, together with size and lo- 
cation of all service connections. Every 
detail cessary for an efficient, space- 
clothing decontamination depart- 
t is included. 
continuous 


addition, American’s 


e is always available. Individual 
esentatives, service engineers, local 
ind repair depots are strategically 


in 84 communities throughout 


¢ information on how 
the atomi 
end for 
"4? 


You can expect more from 


rz 
merican 


The American (aun 
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‘Presenting Lithium'’ describes proper- 
ties, uses, research potentials and avail- 
American Lithium In- 


Princeton, N. J 


ability. 15 p 
stitute, 32 Nassau St 


*‘Welding for Nuclear Pumping Appli- 
cations.’" 11 p.—By Jackson 
Ine 2017A, 
Angeles 54, C; 


ron 


Pumps, 30x Los 


Electrometer applications with prices 
Keithley In- 


Euclid Ave 


and schematic drawings 
struments, In 12,415 


Cleveland 6, Ohio 


Ceramic used with 


power 
leads 
Co., 
II) 


INDUSTRY NOTES 


P Universal Transistor Products Corp. 
has acquired a new plant in Westbury, 


swaged MgO 


leads, thermocouple and 
ete 


315 N 


wire 
Acro Research Instrument 


Aberdeen St., Chicago 7, 


P American Lithium Institute moved to 
larger quarters at 32 Nassau St., 


Princeton, N. J 


Construction of new production fa- 
cilities has started at Radiation Instru- 
ment Development Laboratory, Chi- 


cago, Ill 
P Joseph \W 


dustrial sales, Crane Co., was elected 
post. He 


Lovelace, 


Crreene director of in- 


sales vice-president i new 


irles W 
of the 


Was succeeded hy C'} 


previously manager company 


valve and fitting department 


P Industrial Committee of Brookhaven 
L. 1.) Township promoting the area 
as a site for firms in nuclear and allied 


fields Writs Brookhaven 


Committee, Box 232 


Industrial 


Patchogue, N. 


PN. Wood Counter Laboratory hia 
moved d facilities at 
1525 Kast 53 St., Cl igo, Ill 


& Res arch and «de 


contract ba 


to new expands 


elopment services 
helds as 
treat 


on uch 


CCTAamMics couting ind suriace 


ments, ete., will be offered by Trionics 


Corp., Madison, W 


established ad 


on to manulac 


P ACF Industries 
inced product 
ure ‘ ind 


Products-lereco 


ture press processing 
equip nt 
will not be aff the formation of 


the new dl 


P Tracerlab 
Myers, to nev 
marketing vice-pre 


Homer 
post 


elected 
created 


dent 


TTS UF 
Periscopes 


AT 
HANFORD 


SAVANNAH 
RIVER 


NAVAL 
RESEARCH LAB 


IDAHO FALLS 
LIVERMORE 
CINCINNATI 
OAK RIDGE 


Chock these aduauctnger 


Sharp Definition and Clarity 
True Color 
Complete Reliability 
No Operating Cost 





Availabie with 

these custom features: 
SELECTIVE MAGNIFICATION 
REMOTE SCANNING 
WIDE FOCUSING RANGE 
"NON - BROWNING" OPTICS 
BUILT-IN RADIATION SGHIELO 
INTEGRAL CAMERA ADAPTER 
MICROSCOPE RELAY 
BINOCULAR EVEPIECES 
UNDERWATER OESIGNS 


nd fe 


r Bulletin 301 


ik 
a KOLLMORGEN 
‘ OTe TA 


« et eraerae S&S 8 4F 


Northampton, Massachusetts 





ANTON... 


where precision 


COUNTS 


ANTON’S 
BF, COUNTER TUBES... 
(enriched, normal or depleted in 
B”) for detection of either slow 
or fast neutrons are widely-used 
in reactor control and monitor- 
ing, oil well logging and neutron 
survey. Available in a wide range 
of diameters, sensitive lengths 
and wall thicknesses in 2S alumi- 
num or stainless steel. 


ANTON 
END MICA WINDOW... 
alpha, beta, gamma counters are 
halogen quenched, stainless steel. 
Also available with special 
organic as well as other rare gas 
fills. Window thicknesses avail- 
able from 1 mg/cm*. Tubes vary 
from subminiature to standard 
conventional sizes and are based 
with standard RMA connectors. 
JAN types available 


ANTON 
THIN WALL... 
stainless steel, halogen quenched 
counter tubes for beta, gamma 
studies are extremely sensitive 
and can meet all JAN-MIL 
specifications. They are the only 
commercial metal thin wall tubes 
available with a stainless steel 
30 mg/cm* wall which will not 
dent or collapse. Instruments 
using groups of these tubes ex- 
ceed in sensitivity and stability 
most scintillation units 


ram, 


ANTON’S PANCAKE TUBES... 

are halogen quenched, sensitive beta-gamma 
detectors with end mica window. These units 
are designed for low intensity measurement 
and are widely used in facilities doing low- 
count work, Flat pancake design offers ad- 
vantage of large diameter window without 
Jarge volume and high background count 
(Sample changers available.) 


Anton high efficiency tubes are Plat- 
inized*. This process provides sensi- 
tivity beyond that of standard tubes 
Write Dept. NT for complete catalog of 
Anton nuclear tubes and instruments 
* Reg. pending 


ANTON ELECTRONIC LABORATORIES, INC 


NEWSMAKERS 


Haywood C. Smith, manager of AMF’s 
Raleigh laboratory, has been appointed 
technical manager in the firm’s research 
He is 
succeeded by James Bolton, who had 


and development department 


held various nuclear engineering posts 
AMF’s nuclear engineering laboratory 
has appointed Robert K. Winkleblack 


assistant manager 


Woodman Perine, director of Vitro’s 
Silver Spring laboratory, was elected 
president of Vitro Engineering Co 
replacing Richard A. North, who re 
Norman A. Spector, assistant 
the 


division, was named vice-president of 


signed. 


general manager of engineering 


Vitro Corp. of America, 


has 
promoted Frank C. Di Luzio to dep 


AEC’s Albuquerque Operations 


uty manager, succeeding George P. 
Kraker, retired. Di Luzio has been in 


the atomic energy program since 1945 


General Electric’s aircraft nuclear pro- 
pulsion department has named Samuel 
J. Levine manager of its Idaho Falls 
test station. A 
engineer at GKk’s Evendale plant, he 


former consulting 


replaces Wayne H. Perry, who retired 


Lawrence C. Widdoes, technical di 
rector since 1955, has been named sales 
vice-president of Co 
Carl F. Leyse, who joined Internuclear 
in 1956, becomes technical director 


Internuclear 


Beckman Instrument’s process instru 
ment division has appointed Anthony 
Del Duca as chief electronics engineer. 
A. A. Schulke, formerly engineer in 
the 
at Washington Univ 


charge of cyclotron laboratory 


St. Louis, has 


joined Argonne National Laboratory 


Mallinckrodt Chemical Works has ap 
pointed Edward D. North as production 
manager at its Hematite, Mo 
fuel He is slated to 
G. W. Tompkin, who will move over to 
Mallinckrodt’s special metals division 


nuclear 


plant relieve 


Stuart McLain has left Argonne Na 
tional Laboratory where he was a pro 
gram coordinator to become an ind 


pendent consultant 


Lawrence D. Bell 
Everett T. 
W ith 


Bell Aircraft’s new 


research center will have 


Welmers as its first director 


| Bell since 1944, he will initially super 


vise its organization and construction 


ISOTOPIC COMPOUNDS 
for 
TRACER STUDIES 


s 4 Devterated solvents of high 
& 


isotopic purity are now avail- 
able for use in N.M.R. spec- 
troscopy and other applications: — 


® Acetone-d 


® Chloroform 


99.5% 
99.0% 
99.0% 
98.0% 
98.0% 
98.0% 
98.0% 


© Benzene-d, 

® Toluene-d, 

® Cyclohexane-d., 
® Toluene-a-d, 


© 3-Pentanone-dio 


We can supply the widest range of 
deuterated organics available from any 
These alcohols, 
halogen derivatives, hydrocarbons, alde- 
hydes, ketones and organo-metallics. 


source. include acids, 


We will welcome your enquiries also 
for carbon-14 compounds, particularly 
those requiring special synthesis. Enquiries 
should be addressed to:— 


Chemical Development Department 


MERCK & CO. Limited 


560 DeCourcelle Street 
Montreal 30, Que., Canada 





e ® 
Hi-D 
LEAD GLASS WINDOWS 
IN STEEL WALLS 


ee 
Hi-D 

LEAD 

|. Glass 


“4 QUttth 
£44//// 


VN 
OF viEWw ; STEELZ 
¥ 














/ 
WIDE ANGLE / 
; 


Hi-D Lead Glass Windows provide 
clear, direct, wide-angle, binocular 
vision through heavy gammea-shield- 
ing walls. Lead equivalent 0.55; 


steel, 1.0 
LARGER SIZES NOW AVAILABLE 
Send for circular GS-4 


PENBERTHY, 
INSTRUMENT CO. 


490) Orr AVE. SOUTH . SEATTLE ©. WASH 
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G. Lloyd Martin has joined National 
Research Corp. as assistant director 
emistry department, after 
th Mallinckrodt Chemical 

r the past 10 years. 


for Economic & Industry 

has appointed Jack Mosh- 

man director of its mathematical and 
statistical services division and William 
Orchard-Hays, director, computer 
livision. Before joining the 
vhich offers computation serv- 

eactor design, Moshman was 

AEC, Orchard-Hays with the 


Society for Testing Materials 
Richard T. Kropf, of Belding 
vay Co., New York, president, 

LaQue, International Nickel 

York, vice-president. 


Eugene M. Zuckert, former AEC com- 

[ was elected a director of 
Science & Engineering Corp; 
1irman is Gordon Dean. 


James R. Gilbreath has been appointed 
tant director of Argonne National 
Laborato1 With ANL since 1944, he 
ently executive assistant 

r Norman Hilberry. 


ise named Victor J. Kropf 
created post of sales 


itomic fuel department. 


Ralph Carlisle Smith, formerly assist- 
t tor of the Los Alamos Scien- 
tific | ratory, was appointed assist- 
president of ACF’s Nuclear 


Science Foundation has 

Robert L. Butenhoff to be a 
lirector in its office of scien- 

tif niormation He had been with 
AK fadiation instruments branch 


Bernard G. E. Stiff, previously with 
High Voltage Engineering, is the new 
i of United Shoe Machinery’s 


itor ower department. 


James N. Landis, vice-president in 
harge of commercial atomic energy 
Bechtel Corp., was nominated 
t of the American Society of 
Mecl Engineers, will be installed 


1) ber 
Albert S. Jameson, project engineer on 


Argonne National Laboratory’s EBWR 
ved General Nuclear Engineer- 
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PORTABLE MONITORS 


FAST NEUTRON SURVEY METER 


to detect health hazards 


NRD offers 
survey meters 
for many needs 


NRD Model E2 fast neutron survey meter is 
a rugged, accurate, portable instrument de- 
signed for health hazard survey where fast 
neutron radiation is encountered or suspected. 
Response is tissue equivalent. The instrument 
covers a wide range of intensities. The light- 
weight probe weighs only 17 ounces. The 
circuit and meter case (6% lbs.) may be 
carried by shoulder strap or handle. Gamma 
background is effectively eliminated by a 
discriminating count rate meter. 


The instrument, which uses transistors ex- 

tensively, is extremely free of maintenance 
problems. Batteries are easily replaced. 

SPECIFICATIONS AND DESCRIPTIVE 

LITERATURE ON THESE INSTRUMENTS 

AVAILABLE ON REQUEST 


hee S] i Ole Re 2 subsidiary of 


nuclear corporation 
of america, inc. 


SALES OFFICES: 


Nuclear Consultants, Inc Nuclear Corp. of Amer. Nuclear Corp of Amer Isotope Specialties Co 
33-61 Crescent St 9842 Manchester Rd 4754 W. Wash. Bivd 703 S. Main St 
Long Island City 6, N.Y St. Lowis 19, Mo Chicago 44, iff Burbank, Calit 


Nuclear Corp. of Amer Export Dept X-Ray & Radium Ind., Ltd 
Box 7433, Sta. C 431 Fifth Ave Toronto, Ontario 
Atlanta 9, Ga . New York 16, N.Y and other Canadian cities 








careers in the peaceful 


applications of atomic energy 


NUCLEAR PHYSICISTS 
(MS, PhD— Physics) 


If you are experienced in reactor 

and component research and devel- 

opment, or have related qualifica- 

tions, here is a special opportunity. 

Atomics International needs men 

capable of planning and carrying 
out research projects 


You'll be with the company respon- 
sible for such important power 
reactor projects as the SRE and 
OMRE, and such research reactors 
as the successful Armour type and 
the new, economical Laboratory 
Reactor 


Our reply will be prompt, confidential 


AGy ATOMICS 
47» INTERNATIONAL 


Mr. G. W. Newton, Personne! Office, Dept. C-7 
21600 Vanowen Street, Canoga Park, California 
In the Suburban San Fernando Valley 
Los Angeles) 


NUCLEAR’ CALENDAR 


Aug. 7-9—Sixth annual conference on in- 
dustrial applications of X-ray analy- 
sis, Denver Research Institute (Al- 
bany). Latest developments in X-ray 
absorption, diffraction and fluores- 
cence analysis. Contact James P. 
Blackledge, DRI, Univ. of Denver 


Aug. 12-15—First National Conference 
on Heat Transfer, ASME and AIChE, 
at Penn State Univ Contact Prof 
G. M. Dusinberre, mechanical engi- 
neering dept., Penn State, University 


Park, Pa 


Aug. 19-24—High-energy physics sym- 
posium, Oak Ridge National Labora- 
tory and Institute of Nuclear Studies 
Topics include theory of elementary 
particles and their interactions, ex- 
periments with nuclear-emulsion tech- 
niques, bubble chambers and counters 
Contact University Relations Divi- 
sion, ORINS, P.O. Box 117, Oak 
tidge, Tenn 


Aug. 20-21—Third biennial electron 
beam symposium, General Electric 
X-ray dept., Milwaukee Reports on 
radiation equipment, applications and 
economic evaluation of processes in 
chemicals, plastics, petroleum and 
food fields Contact J. J. Ludwig, 
Gk X-ray dept., 4855 Electric Ave., 
Milwaukee | 


Aug. 20-22—-Conference on liquid scintil- 
lation counting, Northwestern Univ., 
at Technological Institute, Evanston, 
Ill Coincidence counters, single- 
channel counters, chemistry of liquid 
scintillators, applications in biology, 
medicine, industry, archaeology, phys- 
ics, chemistry and engineering. Con- 
tact F. Newton Hayes, Los Alamos, 


N.M 


Sept. 8-13-—Conference on water purity 
requirements and water conditioning 
equipment of nuclear power plants. 
American Chemical Society, New 
York Contact ACS, 2 Park Ave., 
New York 16, N. ¥ 


Sept. 9-13-—Twelfth annual Instrument 
Automation conference and exhibit, 
ISA, Cleveland Cleveland Audito 

am Contact H » Kindler Is A. 
313 Sixth Ave., Pittsburgh 22, Pa 


Sept. 9-13-—International conference on 
nuclear structure co-sponsored by 
Unesco and International Union of 
Pure and Applied Physics, at Re- 
hovoth, Israel Contact Amos de 
Shalit, nuclear physics department, 
Weizmann Institute of Science, 


tehovoth 


Sept. 9-13 International conference on 
neutron interactions with the nus leus, 
Columbia Univ., New York Partici- 
pants include I. I. Rabi, W. B. Lewis, 
H A Bethe, D. J Hughes, I Pp 

? 


Wigner Contact R. W. Siegel, Phys- 
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Columbia I niv., New York 


Sept. 9-20—International conference on 
radioisotopes in scientific research, 
Unesco, in Paris. Purpose: exposi- 

ind discussion of new ideas or 
is for utilization of radioiso- 

1 scientific research. Plenary 
yn production and measure- 
hniques, section meetings in 
ind biological applications 
Dept. of Natural Sciences, 
19 Avenue Kléber, Paris Se 


Sept. 22-27—-Colloquium on mesons and 
recently-discovered particles, Inter- 
national Union of Pure and Applied 
Physics, in Venice. Contact Prof 
Keligio Perucea, director, Politecnico, 

Italy 


‘inth atomic energy course 
nagement, National Industrial 
ference Board, in Chicago (Hotel 
1 ne-on-the-Lake), Highland 
Ill. Contact John McMahon, 

B, 460 Park Ave., NYC 


Oct. 7-9-—Thirteenth annual National 

I mi s Conference, Chicago (Sher- 

100 technical papers, 240 

ex) { Contact F. A. Judd, NEC, 
84 kk. Randolph St., Chicago 1 


Oct. 7-12—French Metallurgical Week 
| Metallurgical Society, Paris 
( J. Pome president FMS, 25 


Paris 9 


Oct. 28-Nov. | Autumn Nuclear Week 


York Included are: 28-30th, 

inual meeting of the Atomic 
Industrial Forum (meetings Plaza and 
banquet Waldorf). 28 

31st, third annual Trade Fair of the 
Industry, sponsored by AIF 

eum 28-30th second winter 

ng of the American Nuclear 
Henry Hudson 31st, AEC- 

NS-AIF reactor safety conference 
IRI Professional Group on 

r Science holds fourth annual 


ng 31—1Ist (Henry Hudson 


8—Second world metallurgical 

American Society for Metals, 

Contact W. H. Fisenman, 

ess secretary general, ASM, 

and 3-8th, second interna 

conference on nondestructive 

Z Contact G. H Tenney, 704 
st Los Alamos, N.M 


Nov. 7-8—Seventh annual symposium 
| idelphia section of Instrument 
Society of America, Philadelphia 

ilon Subject: new ideas in 
rumentation evolved from nuclear 
elopments Instruments Fair in 
ed Contact Warren Brand, 
flow Corp., 2100 Arch St 


idelphia 3 


Dec. 24-26—-Conference on nuclear sizes 
und density distribution, National 
Science Foundation, Palo Alto, Calif 
Contact Robert Hofstadter, Stanford 
Uni Palo Alto 


Vol. 15, No. 7 - July, 1957 


During the past 5 years, the proven performance of the EKCO Model 1079-C Vibrat- 
ing Reed Electrometer has made it preferred by actual users, both here and abroad. 


Low in cost, compact, rugged and easily serviced; its high, full-scale sensitivity and 
inherent stability makes the EKCO Model 1079-C ideal for all applications involving 
small current and voltage measurements. 


STABILITY..... ceove 2 L mv, day-to-day. 
SENSITIVITY:. eve 0.03 pya full-scale reading @ max. 
0-30, 0-100, 0-300, 0-1000 mv. 
...{nternal, switch-controlled, 10", 10'”, 10' ohm resistors. 
Operates with 1 ma or 100 mv recorder 
vesveveevee 110/120 or 200/250 v, 40/60 cps, 40 w. 
WEIGHT..... veveeeee Oly 29 Ibs., complete with cables. 


Write TODAY for Bulletin l-572 for complete data 


AMERICAN TRADAIR CORP. 


34-01 30th Street, Long Island City 6, N. Y. © Dept. N7 
U.S. SALES & SERVICE for 


EKCO ELECTRONICS, LTD., Essex England 








FOR PRODUCT 
INFORMATION 
IN THE NUCLEAR 
INDUSTRY 

TURN TO THE... 


NUCLEONICS 
BUYERS’ GUIDE 


(IN THE NOVEMBER ISSUE) 


A McGRAW-HILL PUBLICATION 
330 WEST 42ND STREET - NEW YORK 36,N. Y. 











JUST OFF PRESS 


Nuclear Power 
Engineering 


explanation of 
plants 


clear 
power 


Gives a 
nuclear 
construction and 


design 
operation 
From essential fundamentals of 
physics to detailed design 
power reactors, every unportant aspect is covered 
In addition to methods, book im 
cludes helpful information on components, radia 
tion and its effects and economics of 
production, By H. C. Schwenk, Henry Pratt Co., 
and R. H. Shannon, United Engrs. & 
Inc. Ed. by B. G. A. Skrotzki, Engg. and 
Ed., Power. 344 pp., $6.50 


features of specif 


engineering 
plant sites 


Constrs 
Mat 


illus 


Nuclear Engineering 


JUST OUT! 
takes you 
moval, reactor 
field, you will find in this book 
information for solving « wide 
Prepared by a staff of expert it 
topics as mathematical ana 


work 


heat re 


design 
fiuid flow 


areas of the 


Whether your nuclear 
into power ‘ 
shielding, or other 
latest engineering 
range of problems 
takes up such 
{ plastic fe in 
protection of 
Edited by 
Engineering 
$12.0 


thermal stress, design of orifices for 
parallel 


Cc. FP 


Comm., 


channe! and «others 
Chairman, Nuclear 
HAL pp., 272 illus., 


coolant 
Bonilla, 
Columbia | 


Engineering 
Electronics 


OUT! Gives you sound knowledge of ele 
effectively ce 


electron equ 


JUST 
tronics theory for 
ine with 
dustry 


mning and work 
modern pment for in 
From basic facts on vacuum tubes as circuit 
elements to more advanced topic ith as switch 
ing circuits power 
tion, and electroni« this bie. 664 
page book covers a broad area in a way that is 
clear, concise, and useful. By John D. Ryder, 


Dean of Engrg., Michigan State U. 666 pp., 796 


illus., $9.50 
Building An 
Engineering Career 


Brings you helpful guidance in choosing the kind 
of engineering career in which you will be success 
ful. Plainly and thoroughly explains the scope of 
each engineering branch, the kind of 
volved, the chief accomplishment 
and job possibilities 
ing for such a career 


rev. by E. A. Farber, | 
4.75 


computing amplifier rectifica 


motor control 


work in 
of each, income 
and gives pointers on prepar 
By ©. C, Williams. 3rd Ed 

of Fla. 297 pp., 60 illus., 


10 DAYS’ FREE EXAMINATION 


[ ocGraw. 


Hill Book Co., Inc. Dept. Nu-7 
327 W. 41st St., New York 36, N. ¥ 
Send me the book(s) checked below for 1 
days’ examination on approval. In 10 days I 
will remit for book(s) | keep, plus few cents 
for delivery costs, and return unwanted book(s 
postpaid. (We pay delivery costs 
with this coupon 
C) Schwenk et al 
() Bonilla —Nuclear 
() Ryder—Engineering Electronics, $9.50 
C) Williams Career, $4 
(PRINT) 
Name 
Address 
City 


If you remit 
same return privilege 
Nuclear Power Engrg., $6.5 


Engineering, $12.% 


Building Ene 


Company 


Position 


For price and terms outside U.S 
write McGraw-Hill Int'l, N.Y.« Nu.7 


Ces es eo ae oe oe oe ae oe ee ee 
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Nuclear Navy 
Cont. from p. 71) 


maintenance purposes. “Since nu 
clear plants are capable of really con 
tinuous operation, a much greater de 
gree of self-supporting maintenance at 
sea must be 


possible fully to exploit 


continued operations,”’ he points out 
Purchasing personne] must work 


hand-in-hand with engineering per 


sonnel concerning the specifications 


of unusual components, selection of 
follow-up of 


‘We 


that normal or routine field 


source and progress 


Shugg says have learned the 
hard way 
inspection and in-yard receipt inspec 


EB has 
metallurg 


tion cannot be relied upon 
added much new test gear 
cal and other 

There are other special problems be 
setting the purchasing agent engaged 
in nuclear work 
Harlan Jr., 


naval architect at Electric 


power according to 


assistant chief 
Boat. An 


to dea! 


Turner 


itomic purchasing agent has 
with small quantities and can give no 
iISssUTANnCce regarding 


to the supplic r 


repeat orders, since there are so few 
repeat orders in this period of research 
and development—of rapid change 
As a counter to this, however, is an 
inducement; the prospect of rapid ex- 
the that 
ultimately lead to large quantities 
Another trouble is that items often 
are called for that require d 


work. 


there is not 


pansion of industry may 


velopment 
they are very large 


likely 


to encourage the supplier to carry out 


Unless 
to be any contract 
work 
that he 
the order if he does do the developing, 


the development nor-——olten 


even any assurance will get 
because in 80 many cases the job is 
government-sponsored and subject to 
the law requiring competitive bidding 
This 
bitterness and disenchantment 

electric 
time expediters who do nothing but 


has been a frequent source of 


Soat now has a staff of full 


stay on the telephone or out on the 
road working with suppliers on nuclear 
submarine 
tivity, 
hought off the shelf. 
friendly 


components—-a new ac- 


everything was 
The 
persuasion 
lact 


their attention is directed inward 


since before 
expediters 
use only ‘no 
much of 
they 
find out what information the supplier 
EB, then 


inward to get the 


clobbering’’—and in 


is missing from turn their 


efforts answers, 
Design of a component is ordered before 
fabrication, and expediters must first 
see that the supplier furnishes plans 
on time, then expedite internally to 


get the plans approved for fabrication 


measure 
time 
intervals 
short as 
00000000004 


seconds 


Milli-Microsecond 
time-to-pulse-height converter 


Model TH-300... Applications: Neutron 
time-of-flight studies, half-life 
determinations in short-lived isotopes 
fast coincidence studies, short-time 
decay in isomeric states 

Domestic price $750. FOB, Factory 


Write for technical data sheet = N—2 


Eldorado Electronics 
. J 1401 Middle 


Oakland 
Californa 








AIRMATIC 
Pneumatic Tube Systems 
for Sample Irradiation 


Specially engineered and 
manufactured for pro 
viding fast and safe 
transmission of materials 
within the reactor 
as well between the core 
and laboratory, test 
booth, ete. 

“Rabbits” of fiber, mag- 
nesium or plastic handle 
any type of test material 
and are propelled by vac- 
uum or a combination of 
vacuum and pressure. 


LAB 


core 


We engineer and manu- 
facture all types of 
Pneumatic Tube Systems 
for overall plant commu- 
nications from Manual 
Systems to Fully Auto- 
matic Systems 

For 
Further Information 

Call or Write: 
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WHERE-TO-BUY 


his Where-To-Buy section has been established for manufacturers desiring advertising in space 
units smaller than the minimum run of book display space. Space is available in this section in units 
from one to four inches. Every advertisement is indexed. The section can be used economically 
to promote new product users and users, establish new sales outlets, reach all buying influences 
at an extremely low cost. 


Rates are per inch per insertion. Contract rates are based on the use of 6 or 12 issues within the 
contract year, and as spec ihed below: 
1 Time 6 Times 12 Times 
$21.75 $20.25 $18.75 
Send inquirjes to: Nucleonics—Where-To-Buy, Post Office Box 12, N. Y. 36, N. ¥ 


THORIUM 


RARE EARTHS URINALYSIS SERVICE High Purity-Crystal-Bar 


Crystal-bar thorium of the highest purity 


Highest purity compounds for NSEC laboratories are staffed and equipped to now obtainable is available from Metal 
f i , "a perform routine and emergency urinalysis for: Hydrides Incorporated. A product of the 
undamental research in physics and 7 van Arkel-de Boer process, quality is 
chemistry * Total uranium * Polonium typical of crystal-bar metal, Oxygen is less 
* Enriched uranium = * Fission products than 50 PPM, nitrogen less than 20 PPM, 


Write for information * Plutonium * Gross activities and carbon less than 40 PPM. Most metals 
below 2 PPM or not detectable; the excep- 


of rare earth compounds, ; 
* Other radioactive isotopes tions being aluminum less than 20 PPM, 


The Gows Chemical Co., Inc. Nuclear Seionce and Engineering Cop. | iron approximately 30 PPM, and copper 
ane 


P.O. Box 443, Laramie, Wyoming Subsidiary of Norden-Ketay Corporation . 
P.O. Box 10901, Pittsburgh 36, Penne. Metal Hydrides Incorporated 


Congress Street, Beverly, Massachusetts 


DRY BOXES HEALTH PHYSICS SERVICES GLOVES 


GLOVE BOXES 1109~13 Low Street Baltimore 2, Md. Bellows a ruben rain sleeve neo- 


with atmosphere controls of stainless stee) FILM BADGE SERVICE | | complete " ring systems for field assembly 


and transparent plastic. Custom metal and IMMEDIATE DEL IVERY 


0.8 "56, Valles oe New vou $4 4 Y. ENS SNES P.O. Bex 06, vines Graton, blew ork 14, N.Y. 
ox oge jon, tation 
Phone STerling 9-2420 Report sent out within 5 Days Phone Sterling 9-2420 


EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities—executive, management, technical, selling, office, skilled, manual, etc 
Positions Vacant Civil Service Opportunities Employment Agencies 
Positions Wanted Selling Opportunities Wanted Employment Services 
Part Time Work Selling Opportunities Offered labor Bureaus 


ag 
/ NATIONAL” ; » OILATED | —RATES— UNDISPLAYED 


The advertising rate is $16.75 per inch for all advertising payment count 5 average words as a line 


z appearing on other than a contract basis, Contract Positions Wanted—The rate is one-half of the above, 
rates quoted on request payable in advance 


An advertising inch is measured {” vertically on a Box Numbers—counts as | line 


Ps afte column—3 columns—30 inches to a page Discount of 10% if full payment is made in advance for 
Subject to Agency Commission 4 consecutive insertions 


$1.80 per line, minimum 3 lines. To figure advance Not subject to Agency Commission 
Send NEW ADS or inquiries to Classified Advertising Division of NUCLEONICS, P. ©. Box 12, New York 36, N. Y¥. August issue closes July 3rd 





















































| CHEMIST 
P H Y 5 | c s T required by REPLIES (Box No Address office mearest you Desires Nuclear Energy Field in East. BA 
SASK. DEPT. OF PUBLIC HEALTH NEW Md popes s wi} Adv. Di LaSalle College 1953. Three years experience 
SALARY RANGE: $496-$595 per month CHICAGO: 520 N. Michigan Ave. (11) Nuclear Weapons Technology with Armed 
ITS: C ’ 7 CIeCO enh Forces Special Weapons Project. Naval Officer; 
REQUIREMENTS: Completion of a four years SAN FRANCISCO: 68 Post St. (4) | Military release date 1 Dec. 5 
honours course in physics and a graduate de- | y / 
gree in physics, considerable beng in - | PW-5294 Nucleonics 
diation physics or in a relate and, pret- 
erably, experience and interest in isotopes 520 N. Michigan Avenue, Chicage 11, tl! 
The appointee will work in the Allan Biair Position Vacant 
Memorial Clinic in Regina, Sask., Canada 
Equipment and facilities include superficial and 
medium voltage X-ray apparatus, an isotope 
aborato nd bait 60 rotating apparatus 
which will be installed in the course of the Opening in the Department of Radiology lology, I 
next few months Laboratory, for responsible individual ~~ + 
HOW TO APPLY: Write to Public Service appointment, research opportunity. Position and Positions Wanted 
Commission, Legislative Bidg., Regina, Sask., salary commensurate with omens and ke P —— 
Canada for application forms and further in- ground. Minimum requirements B.S. in Physics 
formation. Applicants should refer to compe- Submit replies to W. W. Moos, Ph.D., University | Electrical Engineer, BSEE 1951, Age: 27, single, 
tition 32473 of Illinois, 840 8. Wood Street, Chicago 12, Illinois. | 4 years diversified experience in nuclear field in- 
cluding reactor field construction. 21 month mil- 
GINEERS itary service as fire control instructor Desare 
ENGI . position permitting foreign employment and/or 
If you have been looking for an Employment Positions Wanted world travel. Salary open. PW B10 Nucleonics. 
Agency that is skilled in the STATE OF THE ART - = 
{ Technical Recruitment and REL SABEL SEY OF Seeded Seretes 
INFORMATION concerning positions, why not 
communicate with us at once! ALL POSITIONS Agricultural lestage Research- * Dd. -— _ with 
FEE PAID strong background in physics, physical chemistry, 
FIDELITY PERSONNEL SERVICE and mathematics. Nine years experience in radio- | Laboratory Equipment Repair Co. 1810 W. Ogden, 
1218 Chestnut $F. Phila. 7, Pa isotope studies. Over 15 publications, Academic | Chgo. 12, Il. AO-Beckman-B&L-Coleman lett- 
Spectalists in Aviation, Electronics and Nucleonics only. PW-5296, Nucleonics 
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EMPLOYMENT OPPORTUNITIES 


Research 
Engineers 





Marquardt offers 


A Professional Climate 


which encourages original 


and independent research 


Marquardt Aircraft, the leader in 
ramjets—‘‘Powerplant of the Future” 

offers research engineers a veritable spectrum 
of advanced projects; advanced in time, and 
in technological significance. 


In an environment which permits free inquiry, 
Marquardt engineers and scientists investigate 
many aspects of supersonic propulsion; 

including ramjet, turbojet and rocket motors and 
Aircraft Nuclear Propulsion. This work is achieving 


a hew understanding of the aerodynamic, thermodynamic, 


and chemical behavior of various elements of these 
propulsion systems and their exotic fuels. 


In other areas, such as the broad field of New Products 
Research, Marquardt engineers investigate projects 
reaching far into the future. In keeping with the 
company’s reputation for products which are in the 
forefront of advancing technology, these projects are 
timed for tomorrow. 


Research engineers with creative vision are invited to 
investigate the opportunities at Marquardt. 

Please write Jim Dale, Professional Personnel, 

16559 Saticoy Street, Van Nuys, California. 


marquardt’,.. since C0. 


VAN NUYS, CALIFORNIA ‘ OGDEN, UTAH 





FIRST IN RAMJETS 


ENGINEERS 


Ground Floor 
Opportunities 
for 
Promotion 
Minded 
Engineers 
in 
Nuclear Reactor 


Field 


A new Technical Production 
Operation has been formed 
at General Electric’s ex- 
panding Aijircraft Nuclear 
Propulsion Department, to 
handle production engineer- 
ing and control of highly 
technical, chemical and 
metallurgical processing of 
nuclear components 

Positions immediately available 
at all levels in production of 


@ Shielding 
@ Fuel Elements 
® Control Materials 


Production background in 
physical metallurgy or chem- 
ical engineering desired, 
Starting salaries are fully 
competitive, and backed by a 
comprehensive benefit pro- 
gram that includes Insur- 
ance Pension ind) =Stock 
Bonus Plans 
And at General Electric your 
professional development is 
encouraged through in-plant 
technical and managerial 
training and a Full Tuition 
Refund Plan for graduate 
study 

Choice of two locations 

Cincinnati, Ohio 
Idaho Falls, Idaho 

Relocation Expenses Paid 
Why not take time out to- 
day to tell us about your- 
self—-you'll hear from us in 
less than a week 
Write in confidence, stating 
salary requirements to loca- 
tion you prefer 


GENERAL @® ELECTRIC 


! R. Rosselot L. A. Munther 
’ ©. Box 132 P. O. Box 535 
Cincinnati, Ohio Idaho Falls, Idaho 


July, 1957 - NUCLEONICS 














Destination: 


Leadership 


Every week, scientists and engi- 

neers from all over the country 

arrive at Argonne to begin their 

work at this center of research and 
development studies in nuclear 
science. They have selected Argonne, 
recognizing the value of an organization 
whose interests include physics, chemistry, 
biology, metallurgy, applied mathematics 
and electronics; as well as nuclear, chem- 


ical, and mechanical engineering. 


1YONNEC 


NATIONAL LABORATOR 


'() ' j 


Operated by the Ur versily 


contract with the United States Aton f 


Inquiries Invited 


METALLURGISTS e CHEMICAL ENGINEERS 
MATHEMATICIANS ¢ PHYSICISTS « CHEMISTS 
METALLURGICAL ENGINEERS ¢ MECHANICAL ENGINEERS 
ELECTRICAL ENGINEERS ¢ HEALTH PHYSICISTS 
PLANT ENGINEERS ¢ SAFETY ENGINEERS 
INDUSTRIAL HYGIENISTS 


PROFESSIONAL PERSONNEL OFFICE 
P. O. BOX 299 « LEMONT, ILLINOIS 





EMPLOYMENT OPPORTUNITIES 


SENIOR RESEARCH PHYSICIST 
SENIOR ELECTRONICS ENGINEER 


The new Central Research Laboratory of Continental Can Company has several 
opportunities for versatile scientists and engineers with advanced degrees and in- 
dustrial experience to pioneer in the application of acoustics, optics, mathematical 
physics, electronics, rheology, solid state physics, and other fundamental fields to 
long-range industrial problems in such areas as energy conversion, automatic con- 
trols, instrumentation, and communications. 





The wide variety of materials manufactured or fabricated at high speeds by Con- 
tinental includes metals, glass, plastics, paper, fiber, and combinations of these, and 
provides opportunities for advancing knowledge in many new fields. Research 
facilities of the Company’s new Chicago laboratories are believed second to none, 
and are located so as to allow staff members to live in some of the finest western and 
southern suburbs of the city. Proximity to the John Crerar Library, Armour Research 
Foundation, the University of Chicago, Argonne National Laboratory, and many 
leading manufacturers of scientific and technical equipment enhances professional de- 
velopment and expedites accomplishment in chosen fields. 


Staff members will be granted the full degree of individual recognition attainable 
in a total staff of 100 covering the fields of chemistry, metallurgy, engineering, and 
physics, and will have the opportunity to work closely with scientists and engineers 
in the other fields. Salaries and other benefits meet the highest industrial standards. 
Please write, giving a brief resume of qualifications, to Director Physics Research, 
Central Research and Engineering Division, Continental Can Co., 7622 S. Racine 
Avenue, Chicago 20, Illinois. 

















ATOMIC POWER 
DEVELOPMENT NUCLEAR ENGINEERS | RADIOCHEMISTS 


Engineering and Research d A STRATEGIC ROLE 
Openings for an IN NUCLEAR POWER 


* REACTOR PHYSICS PHYSICISTS An excellent position is available for a 


*REACTOR SHIELDING 

* REACTOR CONTROL AND radiochemist with 
INSTRUMENTATION gree in chemistry, experience in radio 

*REACTOR KINETICS Needed for Engineering chemistry preferred 

SALARY commensurate with ability P : At Bettis Atomic Power Division, the 

and experien e, Consulting Service radiochemist plays an active part in the 


research and development of nuclear 


at least a B.S. de- 


Men experien ed in careers in the 
peaceful application of atomic en in 
ergy are needed to assist Atomu 


Power Development Associates UNITED STATES with nuclear power systems, including 


renowned for work on the fast the study of intermediate mass and 


reactor plants. He will apply nuclear 


chemistry to the problem associated 


breeder type reactor. This group sup EUROPE heavy mass nuclides produced in such 
ported by major industrial and utility and systems and the development of instru 
companies is in the forefront of 
pioneering developments in the use 


oF Raeee GENGy Hae erevirie power For further information about 
production, Bettis Atomic Power Division. Send 


job openings, send resume to your resume and salary requirements 
to Mr. M. J. Downey, Dept. A-175, 
Bettis Atomic Power Division, Westing- 

Electric Corporation, P, O. Box 


ATOMIC POWER house 
DEVELOPMENT internuclear Company 1468, Pittsburgh 30, Pennsylvania 


ASSOCIATES, INC. A. Aeenapeac-siuape BETTIS ATOMIC POWER DIVISION 


1911 First Street Clayton 5, Missouri 
Detroit 26, Michigan Westinghouse 


mentation for measuring these nuclides 


Investigate this unusual opportunity at 


For further information write 


P. Amerman 
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EMPLOYMENT OPPORTUNITIES 





WHAT'S 
YOUR 


“WAVE LENGTH"? 


Some of the most stimulating engineering 
problems in the world today are waiting 
for solutions at Honeywell, Brown Instru- 
ments Division. 

Even the fine engineering staff now at 
work here needs help. 

But the ordinary engineer won’t do. 
Standards are too high, demands too 
exacting for all but those with extraordi- 
nary capacity. 

We're interested in you, if you think 
you'd “‘fill the bill’. 

Everybody knows Brown Instruments 


... the world’s leading designer and pro- 
ducer of industrial instruments. And en- 
gineers know the company’s reputation 
for superior treatment ...in pay, in extras, 
in the factors that count with an engineer. 
Many come to us, few are selected, very 
few leave. 

If you’re our type of man, we think 
you'd be happy working here. You don’t 
have to supply a resumé. Just send in 
your name, address and home telephone 
number... address Mr. Dan Garvey... 
we'll get in touch with you. 


Wayne & Windrim Avenues * Philadeiphia 44, Pa. 


Electroencephalography 
—recording the electrie 
currents of the brain. 


Good Company—at Brown 
you'll work with mech men as 
Roger 8. Hewett, BS. in BE, 
Tujts College. With Brown 18 
years, Roger is Section Head of 
an Application Engineering se 
tion on government and institu 
tional instrumentation 


Honeywell srown insTRUMENTS DIVISION 
Fiat iw 
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EMPLOYMENT OPPORTUNITIES 


NAVAL ARCHITECTS | 
MARINE ENGINEERS About Classified Advertising 
NUCLEAR ENGINEERS | (rei MGrwenil 


ATLANTA, 3 
1321 Rhodes-Haverty Bldg. 
JAckson 3-6951 


M. MILLER 


BOSTON, 16 
350 Park Square 
The CENTRAL TECHNICAL DEPARTMENT of Beth- HUbbard 2-7160 
lehem’s Shipbuilding Division, an experienced organization 
recognized for its technical achievements, offers unusual CHICAGO, 1 : 

a. any: 530 No. Michigan Ave. 
opportunities to recent college graduates to participate in MOhawk 4-5800 
the latest developments in naval and merchant ship design, w. GCN. 1 eRmetee 
including the application of nuclear power. 

Specialized training in Nuclear Reactor Engineering is CINCINNATI, 37 


available to a limited number of properly qualified engineers. 8125 Yorktown Rd. 
REdwood 1-3238 
CONTRACTS NOW UNDERWAY INCLUDE G. W. MILLER 


Design and Construction of Nuclear-Propelied U. S. Navy Cruiser 
aes es agewttiane 4 CLEVELAND, 15 
reliminary Design of Nuclear Propulsion Plant for Destroyer 
' ‘ : 1510 Hanna Bldg. 
Design and Construction of World's Largest Oil Tankers SUperior 1-7000 





. . . W. B. SULLIVAN 
If you would like to make full use of your professional 


training in creative engineering, enjoy easy commuting and DALLAS. 2 


re > arreea | “y ‘ %o > ; ‘ P 
have convenic nt access to New England s educational and Vaughn Bidg. 
recreational facilities, you are cordially invited to write to Riverside 7-5117 
us. Your inquiry will be considered confidential and acknow!- G. JONES 


edged promptly 


a all Bid 
; 856 Pen 
BETHLEHEM STEEL COMPANY WOodwand 9.1793 


Shipbuilding Division \ \ | W {STONES 
Please Address C. H. GOLDTHWAITE LOS ANGELES, 17! 
Asst. to Technical Manager 1195 W. 6th St. 


MAdison 9351 
CENTRAL TECHNICAL DEPT., QUINCY 69, MASS a aan 





NEW YORK, 36 
500 Fifth Ave. 


RADIATION CHEMIST QUICK SOLUTION TO MAN OXford 5-5959 


S. 7. HENRY, D. COSTER, ®. LAWLESS 
POWER PROBLEMS ... 
Southern Research Institute needs PHILADELPHIA. 3 
an experien ed radiation chemist avian Ege 7 chien i 17th é ee 6-0670 


LOOO. market place for those offering or wanting 
to supervise its new curl the services of men on engineering, technical R. EDSELL, H. BOZARTH 


and executive level 


cobalt-60 source, and also to head 
This section offers a quick, effective solution ST. pre 
its further expansion into atom to your man power problems, because its 3615 live St. 

eadership is confined to just the type of men JEfferson 5-4867 
energy activities you need Waste circulation is avoided W. HIGGENS 
You reach only the men you want 


Send resume to SAN FRANCISCO, 4 


NUCLEONICS 68 Post St. 
SOUTHERN RESEARCH INSTITUTE oi i DOuglas 2-4600 


R. C. ALCORN 
Birmingham 5, Alabama Classified Adv. Div., New York 36, N. Y. 
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SEARCHLIGHT 
SECTION 


UNDISPLAYED RATE 

a line. Minimum 3 lines 
DISPLAYED RATE 
$15.90 per inch 


ADVERTISING INCH i” on one col- 
umn 3 columns—30 inches—to a page. 








a TERRIFIC BARGAIN in a 


SOLA CONSTANT-VOLTAGE 
TRANSFORMER 
Ends fluctuating line 
voltage! 
BIG DISCOUNT OFF... 


the factery price at a l-input 2,000 VA 
! And here's another bonus! This 
cee 2,000 VA overstock, Sola Cat. No. 30768, bas 
«| 00-125 V., 190-250 V., 60 ey. or 5O ay. Isolated 
ry ie constant 115.0 V. + 1% from no load to full- 
7.4 amp. Bo, if you choose, use it as a 220:115 V 
». And slash $07.50 off the factory |-input price! 
im original wood box. 4 
ip. wt. 254 ibe F.O.B $147 50 
Wash. Only ° 
EXPORTERS: Note choice of 50 cycles.) 
THE M. R. COMPANY 
Box 1220-D Beverly Hills, Calif 











PROFESSIONAL 


SERVICES 








OMEGA ENGINEERING CO. 


Specialists in engineering and piping design 
for reactor fluid systems, structural contain- 
ment, test loops, purification systems and waste 
disposal systems, Contact Mr. Brodsky 

70 East 45 St., N. ¥. 17 
Murray Hill 9-7254 








ARCHITECT-ENGINEER SERVICES 
Mechanical-Electrical-Civil-Structural 
types of installations——All activity levels 
VENTILATION CONSULTANTS 
Faulty ventilation installations corrected 
Access Permittee—Experienced cleared 
personnel 
A. |. BRAYMAN & CO. 
27 Schoo! St., Boston 8, Mass. Capitol 7-9465 








New Advertisements 


received by July 3rd will appear 
in the August issue, subject to 


space limitations. 
Classified Advertising Division 
Nucleonics 


P.O. Box 12 New York 36, N. Y. 
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__ EMPLOYMENT OPPORTUNITIES 


RESEARCH and 
DEVELOPMENT 
ENGINEERS and 
SCIENTISTS 


Nuclear Marine Propulsion 


A relatively new and far-reaching field and a major 
industrial leader — together they offer unparalleled 
opportunities for men well versed in fundamentals 

of design and development of nuclear power plants 


and associated equipment. 


The Knolls Atomic Power Laboratory is currently 
devoting its applied research facilities to the 
development of two distinct marine propulsion systems 
—one for the submarine, Triton, the world’s largest; 
and one for the Navy’s first nuclear-powered destroyer. 
Here you'll join nationally prominent engineers and 
scientists working out the new and challenging 

technical problems presented by these advanced projects. 


Immediate Openings at all levels in: 

Stress Analysis « instrumentation « Mechanical Design 
Applied Mathematics « Electronics « Heat Transfer 
Theoretical and Experimental Physics « Fluid Flow 
Chemistry « Chemical Engineering « Metallurgy 


The Knolls Atomic Power Laboratory also offers 

a full-tuition refund, work-study plan leading to an 
M.S. at Rensselaer Polytechnic Institute, open to 
above-average graduates who have received a B.S. 
degree within the past three years. In addition to 
this plan, full-time employees may pursue advanced 
degrees by evening studies with full-tuition refund 


A letter expressing your interest will receive 
immediate attention. Please address all replies to 
Mr. A. J. Scipione, Dept. 44-MG. 


Knolls Alomic Power Laboriiory 


OPERATED FOR AEC BY 


GENERAL @® ELECTRIC 


SCHENECTADY. N.Y 





Precision Nuclear Instruments 


THE “NWUCLIGUARD” MONITOR 
@ An area-personnel-eauipment monitor 
@ Preset alarm level from 50-50,000 cpm 
@ 3-cycle logarithmic count rate meter 
@ AC powered with 3600 cpm test signal 


@ Beta-gamma GM probe or gamma scin 
tillation detector 


LABORATORY SURVEY INSTRUMENTS 


@ End window, coaxial GM or scintillation detectors 
@ Watertight and completely shock mounted 
@ Lightweight, compact and with long battery life 
@ FCDA approved and tested circuitry and components 
at ] 
PPT as Nuclear Measurements Corp. 
MMe 2460 N. Arlington Ave. + Telephone: LIBERTY 6-2415 
CATALOG ; INDIANAPOLIS 18, INDIANA 
International Office: 13 E. 40th St., New York 16, N.Y. 








MOVING? 


If you are moving (or have moved), tell us 
about it, won't you? Your copies of NUCLEON- 
ICS will not follow you unless we have your new 
address immediately. Make sure you don't 
miss a single important issue . . . and help us 
make the correction as speedily as possible by 


giving us your old address, too 


NUCLEONICS 


Circulation Dept. 


330 W. 42nd St., New York 36, N. Y. 
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High Voltage Engineering 
1 
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Kaiser Engineers 

Kintel (Kay Lab) 

Kidde Nuclear Laboratories, 
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Kollmorgen Optical Corp.. . 

Leeds & Northrup Co 
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Lindsay Chemical Co 
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NRD Instrument Co. a Sub- 
sidiary of Nuclear Corp. 
of America, Inc........123 


Nuclear Development Corp. 
of America 


Nuclear-Chicago Corp..... 36 
Nuclear Enterprises Ltd... .120 


Nuclear Measurements Corp. 
134 
Nuclear Science & Engineer- 
ing Corp. Subsidiary of 
Norden-Ketay Corp... ..127 
Nuclear Systems A Division 
of the Budd Company.. 12 
Nucleonics 
Packard 
pany. 
Penberthy Instrument Co... 
Purolator Products, Inc..44, 45 


Here’s How to Make Safe 


COOLING LINE CONNECTIONS 


to Moving Reactor Components 





BARCO 
BALL JOINT 5 , 


PIVOT POINT 


ONE JOINT — Provides for angulor 
motion or positioning of piping in any 
plane. 





BARCO 
BALL JOINTS —___ 





BARCO BALL JOINTS- 








THREE JOINTS —This schematic 
diagram shows how “dog leg” piping 
assembly permits vertical movement of 
large equipment 


TWO JOINTS—This arrangement 
provides for piping alignment or simple 
flexible connection 
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Barco Fliexible Ball Joints 
for Nuclear Projects 


ERTAIN distinctive characteristics and features make Barco 
Flexible Ball Joints particularly well-suited for many nuclear 
energy applications: 


1. Easy to engineer joints into piping to provide for any degree of flexibility, 
expansion, or movement required. 


2. Seals unaffected by radioactivity. 


3. All-metal construction. No ball bearings. No lubrication required. Special 
metals can be specified. 


Basic design is pressure sealing against leakage and self-adjusting for wear 
Maximum safety for virtually any pressure and temperature conditions. 


Usually no deterioration due to normal operation. Special activities may 
require special materials. 


Special flexible joints for conveying fluids at low temperatures down to 
300°F. Also high temperature designs up to +1000°F, 


For information and recommendations on how to select, specify, and 
use Barco Joints, address letter to: 


FOUNDED 1909 


% - 
MOuc ys me 
ae" MOVES IN 


BARCO DIRECTION 
MANUFACTURING CO. \ 


567H NORTH HOUGH STREET 
BARRINGTON, ILLINOIS 





INDUSTRIAL APPLICATIONS 
OF RADIOISOTOPES WITH 
THE NEW AUTOMATIC 
TRI-CARB SPECTROMETER 


Tracer Research involving industrial organic 
compounds — oil and gasoline, solvents, phar- 


cals, p 





Ground Water Studies—lorge scale water 
distribution problems, such as pollution and 
waste disposal. 


Large Scale Tagging of plant operation with 
safety and economy of radioactive materials. 


Tri-Carb Liquid Scintillation Counting 
has opened many new possibilities for 
industrial applications of radioisotopes 
by making low level counting of soft 
beta emitters a simple routine proce- 
dure. Consider the following facts to 
see how this method might be applied 
to your own work, 

Every single organic compound can 
be uniquely identified with the radio- 
active isotopes of hydrogen and carbon. 
These isotopes . . . Tritium and Carbon- 
14... are readily available and simple 
to use, They emit very soft beta radi- 
ation which cannot penetrate even a 
thin glass container. Other common 
soft beta emitters that are now being 
successfully used in industrial applica- 
tions are Sulphur-35 and Calcium-45. 

Although the Tri-Carb Liquid Scintil- 
lation Spectrometer is sensitive enough 
to be used for natural radiocarbon dat- 
ing of preserved organic materials that 
are over 40,000 years old, it is still 
simple enough to be used for counting 
hundreds of ordinary samples per day. 
Obviously the possibilities for practical 
industrial applications of radioactive 
tracers are greatly enhanced now that 
measuring equipment with this inher- 
ent sensitivity is available for routine 
use, Costs, safety, etc., cease to be 
limiting factors, and even the labeling 
of consumer products becomes a prac- 
tical consideration, 

For additional general information re- 
quest Bulletin 314, For spe- 
cific information on your 
requirements, provide appli- 
cation details. 


Tr 


INSTRUMENT COMPANY 


Department 6 
P.O. Box 428 © LA GRANGE, ILLINOIS 





GAMMA 
SHIELDING 
MATERIALS 


BARITE 
Crushed—to specification 
Ground—95% minus 325 mesh 


LEAD 
Powder-fineness ranges 
40%-50% minus 325 mesh 


IRON 
Shot and Grit 
Graded to specification 


* 


Inquiries for Metal Powders 
of all types solicited 


METALS 
DISINTEGRATING 
COMPANY, INC. 


ELIZABETH, NEW JERSEY 


World’s largest manufacturer 
of finely divided metals 














SCINTILLATOR 
SOLUTIONS 


Lithium, Cadmium 
Gadolinium, Lead, Bismuth 


Mercury, Uranium 


We specialize in the preparation of 
solutions of high optical transmit- 
tance for use in large scintillation 


counters 


Address Inquiries to 


A. R. RONZIO, Ph.D., Director 


RADIOLOGICAL 
RESEARCH 


INSTITUTE, INC. 
663 Lipan St., 


Denver 4, Colorado 








Radiation Counter Labora- 
tories, Inc 


Radiation Instrument Co...120 


Radiation Instrument Devel- 
opment Laboratory 


Radiological Research Insti- 
tute, Inc 


Sargent & Lundy Engineers. 7 
Searchlight Section. . .127-133 


Sylvania-Corning Nuclear 


Technical Associates...... 


Technical Operations, Incor- 
porated 


Tracerlab, Inc... . 


Tullamore Electronic Labora- 


ics 
U. S. Industrial Chemicals 


Co. Div. of National Dis- 
tillers and Chemical Corp. 37 


United States Radium Corp. 115 


Victoreen Instrument Com- 


Vitro Corporation of America 89 
Wah Chang Corporation... 13 


Westinghouse Electric Corp. 
100, 118 


Where To Buy... 


PROFESSIONAL SERVICES 
CLASSIFIED ADVERTISING 
F. J. Eberle, Business Me: 


EMPLOYMENT OPPORTUNITIES 127-133 
EQUIPMENT 
Used or Surplus Ne 


For Sale 
SPECIAL SERVICES 
Argonne National Laborat« 
Atomic Power Development Associates 
Ine 
Bethichem Steel Co 
Continental Can Co., In 
Fidelity Personnel Service 
General Electric Co 
Cineinnati, Ohio 
Idaho Falls, Idaho 
Schenectady, New York 
Internuclear Co 
M. R. Co., The 
Marquardt Aircraft Corp 
Minnespolis Honeywell Regulator Co 
Brown Instruments Div 
Saskatchewan Dept. of Public Health 
Southern Rese oa Institute 
Westinghouse Electric Corp 


This index is published as a service. 
Every care is taken to make it accurate, 
but NUCLEONICS assumes no responsi- 
bility for errors or omissions. 
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MODEL 255S 


N E W Baird-cAtomic cAmplifer 
for maximum gain stability in proportional counting 


Developed exclusively by Baird-Atomic, the Model 255S Amplifier is designed for 
use with Gas-Flow Counters operating in the proportional counting region. A typical 
proportional counting system includes: a Microthin window flow counter in a lead 
shield, a Model 255S Amplifier, a scaler of the TEN-HUNDRED series, and a 


dual-purpose automatic timer. 


Power for Model 255S can be obtained from any of the scalers in the TEN- 
HUNDRED series. The high voltage for the detector can be supplied from either 
a scaler or a separate high voltage supply. 


OUTSTANDING FEATURES SPECIFICATIONS: 


Gain... approx, 300 


OF MODEL 255S: Input ... from proportional counter 


Output... —6v, 2 ysec duration 


Non-overloading Built-in delay line (approx.) 


Noise at output . . . 60 cps — 5Omv 
Random noise . . . 50mv 


Stable Low noise Delay line... built-in delay line 
for pulse shaping 
Filter . . . built-in double HV filter 
SALES REPRESENTATIVES Power requirement... upto 5000¥V 


(depends on counting gas used) 
Atomme Assocates, Inc. — New York Boston Philadeipma 


Monto Westere — Les Angeles, Sen Frencioce = Complete specifications and price 
W. A. Brown & Associates, Inc. — Alexandria, Va., Indian River City, Fla (BAIRD ATOMIC) available on request—write for 
Packard lastrument Ce. — LaGrange, Il! Bulletin 255-1. 

H. E. Ransford Co. — Pittsburgh 

Canadian Marceai Ce. — Montreal, Toronto, Winnipeg, Vancouver, Halifax 


~-wioatominwe ‘tnt Mae, £08. 


33 UNIVERSITY ROAD, CAMBRIDGE 38, MASSACHUSETTS 








ElectroniK recorders . . . with spe- 


cial scales for nuclear 
variables. 


Safety amplifiers . . . one of 
eight special units for reactor 
control. 








process 





Tel-O-Set miniature instruments 
. .. for use on graphic panels or 


to save space. 


Three-mode controllers 
to reactor characteristics. 


matched 


MegopoK thermocouple wire . . . de- 


signed for fuel element temperatures in 
nuclear installations. 


Pressure gages . . . for 
coolant flow, monitoring, 
and other applications. 


eee reactor instrumentation 


for every need 


What are your instrumentation requirements—a single in- 
strument .. . a packaged nuclear reactor control system? You 
can place undivided responsibility with Honeywell for every- 
thing from initial specifications to complete installation and 
startup. 


From this one source, the world’s largest instrument manu- 
facturer, you also receive expert engineering assistance in 
application and maintenance . . . and prompt, efficient service 
from a branch office near you. 


Your local Honeywell sales engineer will be glad to help you 
select the reactor instrumentation you need. Call him today 
... he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Divi- 
sion, Wayne and Windrim Avenues, Philadelphia 44, Pa.— 
in Canada, Toronto 17, Ontario. 


Honeywell 
TH Fou we Contiols. 


nire® 
| 





